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In recent years, China’s rural areas developed rapidly, the settlement pattern and 
lifestyle in rural areas are also changing rapidly. At the same time, the development 
of built environmental assessment system in China is still in the initial stage. In the 
face of tremendous impact on rural settlement environment from the massive New 
Countryside Construction, the lack of comprehensive built environmental 
assessment system has become an increasingly prominent issue.  
This study furthers the field by clarifying the necessity, strategies and framework of 
built environmental sustainability assessment in poor rural areas of Southwest China. 
This study reviewed the sustainable development theories, sustainable architecture 
theories and built environmental assessment methods in China and abroad; 
investigated the current situation and problems of village development and built 
environmental construction in poor rural areas of Southwest China. Based on these 
theories and context, a framework of rural built environmental sustainability 
assessment system including the assessment purpose, scope, issues and indicators 
were established. This framework covers environmental, social, and economic 
aspects. It provided the main issues and features of built environmental sustainability 
of poor rural areas of Southwest China which are quite different from urban areas. 
Then, three different cases were analyzed with different building environmental 
assessment system. Analysis outcomes were compared and discussed to investigate 
the applicability and sensitivity of existing assessment systems and the rural built 
environmental sustainability assessment system established by this study. The result 
shows that the framework of rural built environmental sustainability assessment 
system is more suitable for poor rural areas of Southwest China than other existing 
assessment systems.  
Establishing a comprehensive understanding of sustainable development model and 
assessment system of rural areas is one of the significant strategies to solve the 
contradiction and problems between rural construction and sustainable development 
in poor rural areas of Southwest China. Furthermore, the promotion of sustainable 
rural development is to solve the much larger, longer-term problem of villagers 
leaving and abandoning their villages to move to the city in search of better living 
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conditions. It is believed that a way to solve the problem is to raise the standard of 
the villages to a higher level of amenity and comfort for villagers and make it 
affordable and sustainable for them.  
There are several main contributions of this study: 
- This study provided a comprehensive understanding of built environment 
sustainability of poor rural areas of Southwest China. Different from 
conventional rural development model in China, this study emphasizes the 
endogenous development model of rural areas.  
- This study established a framework of built environmental sustainability 
assessment system of poor rural areas of Southwest China. A more specific and 
detailed standard or rating tool can be developed based on this framework.  
- The understanding and assessment framework of built environmental 
sustainability of poor rural areas of Southwest China also can be used as a 
reference for the design and construction of rural built environment.   
There are some limitations in this study: 
- This study only established the framework of the assessment system. The 
specific quantitative evaluation criteria have not been developed yet. And the 
weighting and rating method is also not yet been established. Therefore it is still 
can’t be used as a rating tool.  
- This study is mainly focusing on the poor rural areas of Southwest China. The 
natural and social conditions of different areas of rural China are quite different 
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CHAPTER 1 INTRODUCTION 
After the sustainable principle was applied in architecture in the 1990s, the green 
building field began to come together more formally. Many countries and regions 
established sustainable building assessment systems. 
In recent years, China’s rural area developed rapidly, the architecture pattern and 
lifestyle in rural areas are also changing rapidly. At the same time, the development 
of building environmental assessment system in China is still in the initial stage. In 
the face of tremendous impact on rural settlement environment from the massive 
New Countryside Construction, the lack of built environmental assessment system in 
rural areas has become an increasingly prominent issue.  
This study will investigate the current situation and problems of rural development in 
poor rural area of Southwest China, combined with the sustainable development 
theories and sustainable architecture theories and existing building environmental 
assessment methods in China and abroad, to establish a framework of built 
environmental sustainability assessment system for poor rural area of Southwest 
China. 
1.1 Context and problems 
The concept of sustainable development has been paid great attention to since the 
energy crisis and the environmental pollution concern in the 1970s. After the 
sustainable principle was applied in architecture in the 1990s, the green building field 
began to come together more formally. The Chinese government started to promote 
the development of green building since the United Nations Conference on 
Environment and Development (UNCED) held in Reo de Janeiro 1992. In the 21st 
century, Chinese government promulgated a series of regulations and policies to 
require the development of resource-saving and environment-friendly society. 
Nowadays, the pursuit of sustainable development has become one of the main 
trends of development in China and abroad.  
In recent years, the amount of energy consumption is increasing rapidly in China 




consumption accounted for a considerable proportion and also still increasing every 
year (Figure 1.1) (National Bureau of Statistics of China, 2010; THUBERC, 2010) 
The ―energy saving and emission reduction‖ tasks have been included in the national 
―Eleventh Five-Year Plan‖ in 2005. Obviously, sustainable architecture is a 







Figure 1.1 Energy consumption in China (Mtce1) 
China is a country with a vast territory and a large population. The development of 
urban and rural area is unbalance. About 50% of China’s population lives in rural 
area. The data of 2010 Annual Report on China Building Energy Efficiency shows 
that, by 2008, the total building energy consumption in China is 655 Mtce (excluding 
biomass energy); about 34% of them were consumed by rural building (Figure 1.2). 
Under the policy of ―creating resources-efficient society‖ in China, the energy 
consumption per meter square of urban building heating is reducing every year. But 
others building energy consumption including rural buildings is still increasing every 
year (Figure 1.3). In recent years, the Chinese government's Consumer Electronics 
Subsidy Program
2
 and Building Materials Subsidy Program
3
 in rural area lead to an 
increase of building embodied energy and operational energy consumption in rural 
areas. These data shows that, during the rural development, the environmental 
loading was increased in a considerable proportion. It is not a sustainable way of 
rural development.  
                                                             
1 Mtce: million ton coal equivalent. 1tce=29270000KJ 
2 Consumer Electronics Subsidy Program: 家电下乡  
3



















Figure 1.3 Trends of energy consumption of China 
(THUBERC, 2010) 
Different from the urban community, rural community is scattered, close to nature, 
and has sufficient biomass and renewable resources. Most of traditional rural 
building can integrate these advantages with a good passive design. But in the 
process of China’s rural development, the traditional construction model was 
increasingly being abandoned; rural people start to use commercial materials and 
energy instead of local natural materials and biomass energy. Moreover, those new 
constructions in rural areas didn’t provide a higher indoor environmental quality 
even if they have a higher energy consumption and environmental loading than 
traditional rural building (THUBERC, 2010). This phenomenon is particularly 
serious in southwest rural China after the large scale rural construction and 
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post-earthquake reconstruction. Rural building is becoming a major subject of 
building energy consumption in China. But the popularity of sustainable building 
concept in rural China is still extremely low. 
On the other hand, from 1950s to 1970s, since the neglecting of environmental 
factors in agricultural production, a series of problems such as soil and water 
loss, land desertification, land salinization, sharp decrease of forest and fishery 
resources have cropped up. Nowadays, China’s ecological environment is still 
deteriorating. At the same time, agricultural production and non-agricultural 
industries in rural areas such as township enterprises caused new environmental 
loading and pollutions. The treatments rate of waste water, emissions, solid waste of 
township enterprises are far below the national standard and urban level. China's per 
acre fertilizer use is more than doubled of the world average level, but the efficiency 
is only 30%. Pesticides and agricultural film also polluted the land, surface water and 
even groundwater. (Li Zhou & Huang Zhengfu, 1998). The rapid degeneration of the 
environment has seriously influenced the sustainable development of rural areas.  
Besides, ill development of southwest rural China also caused a series of social 
problems in both urban and rural areas. A huge number of rural residents are moving 
to urban areas to find jobs and search for better living conditions. This kind of 
population movement increased the pressures of the urban traffic, employment, 
education, health care system and so on. At the same time, the rural social problems 
such as the ―empty nest elderly‖ problem and the ―left-behind children‖ problem 
have been increased in recent years.  
Since rural development and rural environment faced to a huge number of problems, 
a standard or assessment method of rural built environmental sustainability should be 
established to guide rural development. However, existing built environmental 
assessment method in China is not appropriate to rural area especially poor rural area 
of Southwest China. Currently, all the sustainable building standards and assessment 
systems in China are mainly designed for urban buildings. The existing built 
environment condition in rural areas is totally different from urban area in China. 
The standard and assessment systems can be used in built environment of rural China 
is mainly about sanitary conditions such as the Hygienic Standard for Rural Housing 
and the Hygienic Standard for Rural Household Latrine (Ministry of Health of China, 
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No. Standard / Assessment System Published Institution Region 
1 Hygienic Standard for Rural Housing 1988 Ministry of Health of China Rural 
2 GOBAS 2003 GOB Research Group Urban 
3 Hygienic Standard for Rural Household Latrine 2003 MOHURD and AQSIQ Rural 
4 
Technical Standard for Performance Assessment 
of Residential Building 
2005 MOHURD and AQSIQ Urban 
5 
Design Standard for Energy Efficiency of Public 
Building 
2005 MOHURD and AQSIQ Urban 
6 Evaluation Standard for Green Building 2006 MOHURD and AQSIQ Urban 
7 National Eco-village Creating Standard 2006 
Ministry of Environmental 
Protection of China 
Rural 
8 Standard of Water Saving Design in Civil Building 2010 MOHURD Urban 
 
1988; MOHURD and AQSIQ, 2003). In 2006, the Ministry of Environmental 
Protection of China established a National Eco-village Creating Standard to 
encourage the creation of eco-village. This standard included economic, sanitation, 
pollution control, resource, sustainable development, and public participation 
indicators. But the indicators are very simple and not comprehensive enough. None 
of them involved sustainable architecture issue (Ministry of Environmental 
Protection of China, 2006). These standards could be summarized in Table 1.1. This 
table shows that, there is no comprehensive built environmental sustainability 
assessment system applies to rural China, especially poor rural area such as 







Table 1.1 Built environmental assessment standards in mainland China 
Overall, the lack of built environmental sustainability assessment system for rural 
areas will bring serious environmental and social problems in China. The existing 
green building evaluation standards are not appropriate for southwest rural China 
especially poor rural areas since the natural and social conditions in these areas are 
quite different from urban areas. It is urgent to establish a built environmental 
sustainability assessment system for poor rural areas of Southwest China. 
1.2 Objectives and significance 
The objective of this study is to provide a comprehensive understanding of 
sustainable rural development, and provide a framework of built environmental 
sustainability assessment system for poor rural area of Southwest China.  
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This study is significant because the green building practice and assessment in China 
are mainly focusing on residential and public buildings in urban areas now, but the 
huge amount of rural constructions without sustainability will be a potential threat to 
China’s sustainable development. The sustainable development of rural areas is a 
significant component of China’s sustainable development since China is a country 
which has about 50% of population lives in rural area. This study will provide a 
proper understanding and a possible solution of this issue; in order to promote 
sustainable development of southwest rural China. 
1.3 Methodology 
This study is mainly based on literatures, policies, survey and practices in China and 
abroad. It can be divided into four parts:  
The first part (Chapter 1 and 2) is introduction, fundamental study and hypothesis. 
Issues and problems were discussed in the introduction. The literature review will be 
done to investigate the theory of built environmental sustainability assessment and 
the context of poor rural areas of Southwest China. And the hypothesis of built 
environmental sustainability assessment of poor rural areas of Southwest China will 
be proposed.   
The second part (Chapter 3 and 4) is context, assessment system framework and 
strategies study. This is the major part of this thesis. The necessity, issues, indicators 
and strategies of built environmental sustainability assessment of poor rural areas of 
Southwest China will be developed in this part.  
The third part (Chapter 5) is case study and discussion. Three different villages of 
Southwest China will be analyzed and evaluated by existing green building 
assessment systems and assessment framework established by this study. Assessment 
outcomes will be compared and analyzed to investigate the applicability and 
sensitivity of each system.  
The last part (Chapter 6) is conclusions. Research summary, response to the 




1.4 Research scope and definitions 
 Southwest China 
The geographical scope of this study is Southwest China. In China’s administrative 
divisions, southwest region includes Sichuan Province, Yunnan Province, Guizhou 
Province, Chongqing City and Tibet Autonomous Region. It was applied to many 
significant researches such as archaeological research by Tong Enzheng (Tong 
Enzheng, 1990). But Tibet is a high-altitude autonomous region of ethnic groups, its 
unique climate condition, natural environment, resource, cultural, religion and 
policies are quite different from other four areas. In some studies particularly in 
architecture fields, Tibet is not included in Southwest China (Lan Yong, 2006). In 
this study, climate condition, natural environment, resource, cultural, and policies are 
significant elements of built environmental sustainability assessment. Sichuan, 
Yunnan, Guizhou, and Chongqing have more similarities in these issues. Therefore, 
the scope of Southwest China of this study will be Sichuan, Yunnan, Guizhou, and 







Figure 1.4 The scope of Southwest China 
 Poor rural areas 
The definition of rural areas is varied. Generally speaking, rural areas are large and 
isolated areas with low population density. And typically much of the land is devoted 
to agriculture (Wikipedia, 2011b).  
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In most rural studies of China, rural areas refers to the living areas occupied by the 
agricultural population engaged in agricultural production (Zhang Chun, Xue Rui et 
al., 2008). In the provision of the National Bureau of Statistics of China, rural area 
represents the areas except cities and towns (National Bureau of Statistics of China, 
2006). In this study, rural area is closer to ―village‖ which has following 
characteristics:  
- Human settlement or community; 
- Scattered settlements and low population density; 
- Close to nature; 
- Mainly occupied by the people who engaged in agricultural production; 
- The development of industry, business, finance, education, and medical is 
relatively low. 
The standard of ―poor‖ is also quite different between China and west developed 
countries. China’s poverty line is defined as the per-capita income 1196 yuan. This 
line concerned the ability of surviving and other needs to improve the quality of life 
such as education and health care. On the other hand, the World Bank defined the 
international poverty line as $1.25 per day, which is approximately equal to 1705 
yuan (Yang Guotao, 2009).  
Of course, if the per-capita of a rural area is less than the national poverty line, this 
area can be identified as a poor rural area. Besides, in this study, the line of poverty 
is also related to housing affordability because this study is mainly focusing on the 
built environment of rural areas. One of the measures of evaluating housing 
affordability is to find out the house price to income ratio which is the ratio of 
average or median house prices to average or median gross or disposable income in a 
given geographical area (HIA Economics Group, 2010). Andrew Hamer from Word 
Bank suggested that a reasonable house price to income ratio is 3-6. In rural area, 
most of the residential buildings were built by villagers rather than real estate 
developers. Thus, house prices can be replaced by construction cost to roughly 
estimate the housing affordability in rural areas. According to the National Bureau of 
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Statistics, the per capita living space of southwest rural China is about 30 m
2
. The 
average construction cost of rural residential building is 560 yuan/m
2 
in 2010 
(National Bureau of Statistics of China, 2011). If the house price to income ratio is 6, 
the per capita income should be 2800 yuan which is even higher than the 
international poverty line.  
Overall, beside the poor areas which have been identified by national poverty line, 
other rural areas which are difficult to rebuild their own houses with their own 
income in a relatively short period of time, which means the construction cost to 
income ratio is higher than 6, can be also included in poor rural areas in this study. 
(Table 1.2). Therefore, according to the average statistics, the poor rural areas of 
Southwest China can be summarized in Figure 1.5. Specific cases can also be judged 
according to the local data. 
 
  Average rural construction cost Poor line (per capita income)  
Chongqing 401.5 yuan 2007.5 yuan 
Sichuan  582.5 yuan 2912.5 yuan 
Yunnan 357.4 yuan 1787 yuan 
Guizhou 511.4 yuan 2557 yuan 












 Built environment 
This study will not only focus on buildings but also take the whole built environment 
of rural settlement into account. The reason to take the entire built environment into 
account is because rural settlement is an organism of man and environment. Building 
is not the most important part of this organism. Rural residents do not spend such a 
long time in buildings as urban residents. The sustainability of rural settlement is 
more related to the community and surrounding environment.  
Built environment refers to structures and resources constructed by humans with the 
purpose of supporting human activity. In rural areas, it includes buildings, 
infrastructures, public open spaces, farmlands, and so on. It is a material, spatial, and 
cultural product of human labor whose physical context is defined by infrastructure 
(Wikipedia, 2012a).  
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CHAPTER 2 LITERATURE REVIEW 
AND HYPOTHESIS 
2.1 Sustainability and building environmental assessment 
The concept of sustainable development has been paid great attention to since the 
energy crisis and the environmental pollution concern in the 1970s. Nowadays, 
pursuit of sustainable development has become a global trend. After the sustainable 
principle was applied in architecture in the 1990s, the green building field began to 
come together more formally. Since the field of sustainable architecture is vast, the 
sustainable building assessment systems developed rapidly. Various sustainable 
building assessment systems and rating tools emerged all around the world. 
2.1.1 Sustainable development and sustainability 
There are more than 70 definitions of sustainable development nowadays. The most 
commonly used definition is ―development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs‖ 
which defined by the Brundtland Commission in 1987. This simple and clear 
definition which shows a strong people-centred ethical stance has caused many 
discussions among theoreticians and practitioners. Accordingly, sustainability has 
become a wide-ranging term that can be applied to almost every facet of life on Earth, 
from a local to a global scale and over various time periods. It is most closely related 
to environmental issue which including climate change, energy sources, biodiversity 
and so on. It is also related to human society issues including population, agriculture, 
industrial pollution, public health, human settlement and so on. These issues can be 
generally divided into 3 dimensions: environmental dimension, economic dimension 
and social dimension.  
 Environmental dimension 
The main idea of environmental dimension of sustainable development is to 
minimize environmental impact of human activities. The Earth has its own 
ecosystem which carries out a wide range of functions that support and enable human 
life. Human activities should not undermine the balance of this system. In a study of 
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sustainable building assessment system, Jeremy Gibberd summarized the attributes 
of sustainable environment into the following: 
- Size: Environment and ecosystem have a carrying capacity which limits the size 
of the human population it can support on a sustainable basis. Thus the size and 
productivity of biophysical system should match to, or are preferably lager, than 
the size of the human population they are required to support.    
- Diversity and complexity: A healthy, highly productive, resilient ecosystems 
should be complex and consist of a diverse range of species. This complexity and 
diversity of ecosystems will help increase the chances that ecosystems adapt to 
changing environmental conditions and can continue to support life.   
- Productivity: The human resources and energy consumption can be produced 
naturally and in a sustainable way by the biophysical environment. The 
maintaining and enhancing of productivity in the biophysical environments is 
quite important to an increasing population.  
- Location: The location of life support ecosystem should be close to where they 
are used by human. A good location will reduce the requirement for 
transportation and the associated negative impact of environment. Locating 
ecosystems that absorbs its waste close to its production also avoids the need for 
transportation and reduces possible negative impacts of environment. And the 
interspersing of human habitation in ecosystem enables better regulation and 
reduces the uncomfortable or unhealthy conditions of human developing 
(Jeremy Gibberd, 2003).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
2) Economic dimension:  
Economical sustainable development is "... a broad interpretation of ecological 
economics where environmental and ecological variables and issues are basic but 
parts of a multidimensional perspective. Social, cultural, health-related and 
monetary/financial aspects have to be integrated into the analysis." (Peter Söderbaum, 
2008). Sustainable economics focuses on social and ecological consequences of 
economic activity. Presently, the average per capita consumption of people in 
developing countries is not very high. But the population is increasing rapidly and 
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people are aspiring to western lifestyles which have a high consumption level. And 
the high consumption levels in developed countries are unsustainable although the 
population is increasing slightly in these countries. The response is to investigate a 
way to control the consumption in developed countries and raise the living standard 
of developing countries without increasing their consumption such as resource use 
and environmental impact. The main strategy is to decouple the relationship between 
environmental degradation and economic growth.  
In Jeremy Gibberd’s study, he argued that existing economic systems are partly 
responsible for social problems and environmental damage. It needs to be 
transformed to a more sustainable model. These changes and characteristics of 
sustainable economic systems have been summarized below: 
- Equitable: Economic systems should be more equitable which help reduce the 
negative environmental impacts of both wealthy and poor societies by reducing 
waste and avoiding the need to damage the environment by ensuring that 
everyone was able to provide for their basic needs in a fulfilling and sustainable 
way.  
- Local economy: Local economy supports sustainability by reducing the need for 
transportation and then limits the consumption of non-renewable resources and 
pollution. It also encourages people to adopt more sustainable practices by 
ensuring that people experiences directly both the negative and positive 
consequences of their actions. 
- Complexity and diversity: Economic systems with higher complexity and 
diversity are likely to evolve a range of characteristics that enable them to make 
highly efficient use of resources and to accommodate change.  
- Value society: In a sustainable economic system, wealth is generated in a way 
that values people and encourages and enables them to develop more 
sustainable practices and habits.  
- Value the environment: In order for the environment to be a part of an economic 
system its value must be quantified in economic terms. This value must be 




- Productivity: The economic system must encourage and maintain high levels of 
efficiency and are effective in providing for human needs while being resource 
efficient as well as minimizing waste and pollution (Jeremy Gibberd, 2003). 
3) Social dimension: 
There is a social challenge in sustainable development that concerning the 
relationship between human development and human right. Generally speaking, 
social sustainable development includes several issues such as peace, security, social 
justice and human settlement. A sustainable social environment should pay more 
attention to health and education. Everyone needs to be empowered and fulfilled to 
be able to participate fully in economic development. It also requires a high degree of 
creativity and ingenuity in the development. In the relatively small scale, it can be 
reflected from community, diversity, employee relations, human rights, product 
safety, reporting, and governance structure. 
Jeremy Gibberd summarized the attributes of social sustainability as follows: 
- Access to capital: Sustainable societies will enable people to have adequate 
access to different forms of capital in order to enable them to fulfill their own 
needs.  
- Inclusiveness: Sustainable societies should make sure that people such as 
disabled people, old people, and people with different cultural and educational 
backgrounds are not marginalized but are included and encouraged to be 
productive members of society.  
- Health: Sustainable societies should provide high levels of health and wellbeing 
to their members.  
- Education: Sustainable societies should provide high levels of education and 
awareness.  
- Social interaction: Sustainable societies are likely to value social interaction 
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which encourages increased levels of understanding between members, enabling 
them to organize themselves more easily (Jeremy Gibberd, 2003).  
In architecture field, the environmental dimension of sustainability has been paid 
more attention than the other two dimensions. However, only improving 
environmental sustainability cannot achieve real sustainable development. All of the 
three dimensions should be taken into account in sustainable building construction 
and assessment.   
2.1.2 Sustainable architecture and approaches 
The sustainable principle was applied in architecture after the second UN conference 
on Human Settlement in Istanbul in 1996 (Gauzin-Müller, 2002). In the early stage, 
the concept is called ―green building‖. The main issue is about environmental 
protection such as energy efficiency, pollution prevention, resources and water 
conservation. With the deepening and improvement of the concept of sustainable 
development, the three dimensions of sustainability are universally recognized. 
Accordingly, in the development of green building theory, the concept of ―green 
building‖ evolved into ―sustainable building‖ (Raymond J. Cole, 2003a). Sustainable 
building is the practice of creating structures and using processes that are 
environmentally responsible and resource-efficient throughout a building's life-cycle 
from sitting to design, construction, operation, maintenance, renovation and 
deconstruction. This practice expands and complements the classical building design 
concerns of economy, utility, durability, and comfort (U.S. Environmental Protection 
Agency, 2010).  
The Chinese government stated to promote the development of green building since 
the United Nations Conference on Environment and Development (UNCED) held in 
Reo de Janeiro 1992 (Chinese Society for Urban Studies, 2009). In China’s 
Evaluation Standard for Green Building, the definition of green building is buildings 
that minimize resources consumption (energy saving, land saving, water saving, 
material saving), minimize the environmental loading, provide a healthy, applicable, 
and efficiency space, and harmony with nature, during their life-cycle (MOHURD & 
AQSIQ, 2006). This definition is defined to meet both the international mainstream 




environmental quality.  
There are two approaches of sustainable building design. The first one is high-tech 
and active strategy which has a global horizon approach such as study science, 
economics and technology, emphasizes transnational expertise. It investigates the 
solution of problems, develops technical devices that neutralize or make benefits out 
of problems. The other one is low-tech and passive strategy which harnesses the 
energy of the sun and the surrounding natural environment effectively, without the 
use of any active mechanisms such as space heating and air conditioning, to provide 
comfort and convenience to building occupants. Olgyay’s bioclimatic understanding 
of passive architecture has long been regarded as the theoretical model of the 
discipline. The performance of a building’s passive design depends on its ability to 
bring the outdoor climatic variables closer or within the comfort zones of building 





Figure2.1 Flattening the temperature curve from 
(1) ambient environmental conditions, (2) by microclimatology (passive building), 
(3) climate balance of structure, and (4) mechanical heating or cooling (active building). 
    (Victor Olgyay & Aladar Olgyay, 1963)  
This figure also shows that, active and passive strategies are not mutually exclusive 
with each other. They can be integrated in a good sustainable building design. But it 
is becoming increasingly clear that the holy grail of very low energy or even zero 
energy building design cannot be fully achieved without an emphasis being placed 
on, among others, passive architectural design, that is, how building design itself can 
contribute towards low/zero energy architecture. Designing an active green building 









Figure2.2 Passive design’s influence on active systems’ energy consumptions 
Therefore, passive design is particularly important in sustainable building design 
especially in rural area. Generally speaking, in a passive design, the building and its 
internal space are designed to be benefited from external environment, such as 
natural light, natural ventilation and air temperature. A passive building responds to 
local climate and site conditions to maximize occupants’ comfort and health while 
minimizing energy use. This achievement is received by natural sources, such as sun 
and wind, to provide household heating, cooling, ventilation and lighting, thereby 
reducing the need for mechanical heating, cooling or lighting. Passive design allows 
harnessing natural resources leading to responsible energy uses.  
The main strategies of passive design can be summarized as follow: 
- Passive cooling  
- Passive solar heating  
- Natural ventilation  
- Daylighting  
There are several elements which can contribute to these passive design strategies:  
 Site planning stage: 
- Design combined with the topography—building layout adapts the topography of 




- Building orientation—for a better use of solar energy, daylighting and natural 
ventilation, the building should be put in a favorable orientation. 
- Site daylighting design—proper design with building planning, building height, 
and building shape to provide enough sunlight and proper shading for the public 
space. 
- Site ventilation design—proper design with building planning, building height, 
and building shape to provide enough urban air and ventilation. 
- Landscape consideration—provide enough sunlight and proper shading for the 
public space, use water and greening to avoid urban heat island. Improve natural 
ventilation of the site in summer and avoid strong wind in winter. 
 Building design stage: 
- Building shape design—use proper building shape to reduce building energy 
intensity such as increasing envelope area to heating and cooling energy 
consumption and to reduce peak heating and cooling loads. 
- Space planning—locating spaces in their ideal thermal location in the building 
reduce mechanical heating and cooling energy. 
- Daylighting design—use proper size of windows, reflectors, and other kinds of 
building elements to provide enough and comfortable daylight, in order to reduce 
energy consumptions of lighting and maintain human health. 
- Natural ventilation design—use proper openings, wind towers and other kinds of 
building elements to provide enough and comfortable fresh air, in order to reduce 
energy consumptions of ventilation and maintain human health. 
- Shading devices design—use solar shading elements which applied to the 
exterior or interior side of the windows, to reduce glare and improve thermal 
comfort by blocking direct solar gains, and reduce demands on, and potentially 
eliminates the need for, active cooling systems. 
- Thermal mass design—use thermally massive materials which absorb heat and 
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slowly release it when there is a temperature difference between the mass and the 
surrounding space, to maintain a more stable internal environment and reduce 
energy use.  
- Thermal insulation design—use thermally insulating materials to reduce heating 
and cooling losses/gains and energy consumption. 
- Air and moisture tight envelop design—use properly detailed and installed 
air-tight and moisture-tight envelope to improve building energy performance 
and mitigates the risk of condensation and its related negative effects. 
Besides the understanding of passive design strategies, the other significant point of 
passive design is the understanding of local context such as local climate and other 
natural condition. A bio-climate design is such a strategy that chooses appropriate 
design elements based on the local climate and context. The bio-climatic chart is 
often used to analyze the local climate and identify appropriate passive design 
strategies (Figure 2.3). These high-science and low-tech approaches should be 









Figure2.3 Building bio-climatic chart  




2.1.3 Ecovillage and sustainable communities 
Ecovillages emerged out of the intentional communities and cohousing movement 
which originated in Denmark in the 1960s and then spread to North America during 
the late 1970s (Avril Bundale, 2004). In 1991, Robert Gilman and Diane Gilman 
co-authored a seminal study called "Ecovillages and Sustainable Communities" for 
Gaia Trust (Jonathan Taggart, 2009) which formally proposed the concept of 
ecovillage. Then, Robert Gilman set out a definition of an ecovillage that was to 
become a standard. In this definition, an ecovillage should be:  
- Human-scale;  
- Full-featured settlement;  
- In which human activities are harmlessly integrated into the natural world;  
- In a way that is supportive of healthy human development and can be 
successfully continued into the indefinite future (Robert Gilman, 1991).  
Today, there are ecovillages in over 70 countries on six continents such as Tuggelite 
Village in Sewden and Bramfeld Village in Germany. A lot of studies have been 
done in western countries (Hildur Jackson & Karen Svensson, 2002; Liz Walker, 
2005). 
The sustainability of ecovillage has been summarized into four dimensions. The 











Growing food as much as possible within the community bio-region； 
Supporting organic food production there； 
Creating homes out of locally adapted materials； 
Using village-based integrated renewable energy systems； 
Protecting biodiversity； 
Fostering ecological business principles ； 
Assessing the life cycle of all products used in the eco-village from a social and spiritual 
as well as an ecological point of view； 
Preserving clean soil, water and air through proper energy and waste management； 
Protecting nature and safeguarding wilderness areas. 
Social 
dimension 
Recognizing and relating to others； 
Sharing common resources and providing mutual aid； 
Emphasizing holistic and preventive health practices； 
Providing meaningful work and sustenance to all members；  
Integrating marginal groups； 
Promoting unending education；  
Encouraging unity through respect for differences；  




Shared creativity, artistic expression, cultural activities, rituals and celebrations；  
Sense of community unityand mutual support；  
Respect and support for spirituality manifesting in many ways；  
Shared vision and agreements that express commitments, cultural heritage and the 
uniqueness of each community；  
Flexibility and successful responsiveness to difficulties that arise；  
Understanding of the interconnectedness and interdependence of all the elements of life 
on Earth and the community's place in and relation to the whole；  
Creation of a peaceful, loving, sustainable world. 
Economic 
dimension  
Keeping the money in the community； 
Circulating it through as many hands as possible； 
Earning it, spending it, and investing it in member-owned retail and service businesses；  


















Table 2.1 Four dimensions of eco-village 
(Global Ecovillage Network, 2012) 
These explanations show that, in ecovillage, buildings are not the domestic element 
which should be considered, ecovillage is a comprehensive concept which relates to 
political, economic, cultural, and architectural issues. A rural community will not be 
sustainable if we only deal with building performance evaluation. In the 
establishment of built environmental sustainability assessment system, these social, 
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cultural and economic issues should be also taken into account simultaneously. This 
concept is quite significant for this study.  
Some studies related to sustainable community and ecovillages have been done in 
China, but these ―Chinese ecovillage‖ is quite different from western developed 
countries (Guan Huashan & Ma Yongying, 2008; Li Bojin, 2008; Wang Renping, 
2002). In 2006, the Ministry of Environmental Protection of China established a 
National Ecovillage Creating Standard to encourage the creation of ecovillage. This 
standard included economic, sanitation, pollution control, resource, sustainable 
development, and public participation indicators. But none of them involved 
sustainable architecture issue (Ministry of Environmental Protection of China, 2006). 
It is still far away from the sustainable community and ecovillage theory established 
by western researchers. Some studies also argued that the current National 
Ecovillage Creating Standard cannot fully interpret the meaning of ecological village 
(Li Ruiying & Jiang Zhide, 2010). But a large number of ―ecovillages‖ have been 
constructed according to this standard in rural China (Ministry of Environmental 
Protection of China, 2010). Some of them also have environmental problems (Hu 
Zhengping, 2010). 
Besides, Professor Zhou Ruoqi and his team established a green residential 
community assessment method in his study. This assessment system considered the 
ecologic, building environmental quality, regional, and economic issues of 
residential areas according to the China’s conditions. These issues are more close to 
the three dimensions of sustainable development and China’s existing conditions. 
But it is also not appropriate to poor rural areas. 
These theories paid more attention to the built environment of human settlement 
rather than a single building. Therefore, these theories and assessment systems could 
be used as references of this study, but context and problems of southwest rural 
China should be integrated in the development of the new assessment system.  
2.1.4 Building environmental assessment method 
In the process of sustainable building development, professionals realized that the 
sustainable building industry needed a system to define and measure sustainability of 
buildings. Because a sustainable building project is usually a complicated systematic 
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project which requires not only architects but also owners and contractors have the 
concept of sustainable development. An explicit assessment and certificate system is 
necessary in this multi-level cooperation to measure and evaluate the performance of 
sustainable buildings.  
Sustainable/green building assessment systems first appeared in western countries 
and now have been spread to the countries around the world. The first sustainable 
building assessment system in the world is ―Building Research Establishment’s 
Environmental Assessment Method (BREEAM)‖ established in the UK by the 
Building Research Establishment (BRE) in 1990. In the US, after the formation of 
the U.S. Green Building Council (USGBC) in 1993, the organization’s members 
began to research existing sustainable building metrics and rating systems. Then a 
market-based sustainable building rating system named ―Leadership in Energy & 
Environmental Design (LEED)‖ was launched in 1998 (U.S. Green Building Council, 
2009). Later, another significant sustainable building assessment system named 
Comprehensive Assessment System for Building Environment Efficiency (CASBEE) 
was established in Japan 2002. 
In recent years, countries around the world have developed their own sustainable 
building rating systems based on their own context. The number of sustainable 
building assessment systems is increasing rapidly. Some of these systems are 
developed based on existing mature systems. For example, Green Star was built 
based on existing systems and tools including BREEAM and LEED by The Green 
Building Council of Australia in 2003 (Green Building Council Australia, 2009). 
Protocollo ITACA was developed on the basis of GBTool in Italy 2004. The version 
of LEED-India, LEED-Mexico, LEED-Brazil and LEED-Italia were established by 
Green Building Councils in these countries, same as Green Globes-USA, Green 
Star-New Zealand, Green Star-South Africa, and BREEAM-Netherland. Others 
assessment systems are developed originally. For example, the Council for Scientific 
and Industrial Research (CSIR) in South Africa developed the Sustainable Building 
Assessment Tool (SBAT) in 2004. This system was developed to relate strongly to 
the context of a developing country (CSIR, 2007). In Australia, the National 
Australian Built Environment Rating System (NABERS) was developed to rate the 
environmental performance of operational buildings and homes. In 2008, the first 
sustainability rating system in Arab World named Estidama Pearl Rating System and 
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Tools (Estidama PRS) was developed in United Arab Emirates by the Abu Dhabi 
Urban Planning Council (UPC). It is specifically tailored to the hot climate and arid 
environment of Abu Dhabi (Abu Dhabi Urban Planning Council, 2010). More and 
more assessment systems or rating tools emerged recent years. At the same time, 
early developed systems update their new versions to further develop the systems. 
For example, the Green Building Challenge changed to the Sustainable Building 
Challenge and the GBTool changed to SBTool to emphasize the transformation from 
green building to sustainable building. LEED 2012 is the next version of the LEED 
program. Besides the building design & construction, interior design & construction, 
LEED 2012 added operations & maintenance, neighborhood development and LEED 
for homes rating systems. Sustainability has been paid more and more attention to in 
the development of these systems.  
In China, The first green building assessment system named Green Olympic 
Building Assessment System (GOBAS) was established in 2003 (GOB Research 
Group, 2003). A lot of experience of the Comprehensive Assessment System for 
Built Environment Efficiency (CASBEE) in Japan has been learned during the 
establishment in GOBAS. Then, the Evaluation Standard for Green Building (ESGB) 
was published also as a national standard in 2006 (MOHURD & AQSIQ, 2006). 
Based on this standard, a Green Building Label was launched to evaluate and certify 
green buildings in China.  
Besides, there are several other indexes such as Ecological Footprint which can be 
also used to evaluate the sustainability of a human living environment. According to 
the Global Footprint Network’s definition, ―the Ecological Footprint is a measure of 
the demand human activity puts on the biosphere. It measures the amount of 
biologically productive land and water area required to produce all the resources an 
individual, population, or activity consumes, and to absorb the waste they generate, 
given prevailing technology and resource management practices. This area can then 
be compared with biological capacity (biocapacity), the amount of productive area 
that is available to generate these resources and to absorb the waste.‖ (Global 
Footprint Network, 2009).  
Currently, more than 20 countries and regions established sustainable/green building 









environmental assessment systems over the world (Table 2.2). It is booming around 
the world, and the academic research in this field is very active (Appu Haapio & 



























































Table 2.2 Summery of sustainable/green building assessment systems or rating tools 
NO. Assessment System Country  Institutions Established Development 
Basis 1 BCA Green Mark  Singapore BCA 2005 Original 
2 BERDE Philippine PHILGBC 2009 Original 
3 BREEAM UK BRE 1990 Original 
4 BREEAM-NL Netherland DGBC 2008 BREEAM 
5 CASBEE Japan JaGBC, JSBC  2002 Original 
6 CEPAS HK Buildings Department 2001 Original 
7 DGNB certificate  German GeSBC 2009 Original 
8 ESCALE France N/A N/A N/A 
9 ESGB China MOHURD 2006 Original 
10 Estidama PRS   United Arab 
Emirates 
UPC 2008 Original 
11 GBCS Kore  KGBC 2000 Original 
12 GBI Malaysia GSB 2009 
Green Mark, Green 
Star 
13 GBTool/SBTool Canada iiSBG 1998 Original 
14 Green Building Label Taiwan MOI 1999 Original 
15 Green Globes Canada BOMA Canada  2000 BREEAM 
16 Green Globes USA USA GBI 2004 Green Globes 
17 Green Leaf  Canada Hotel Association of Canada 1998 Original 
18 Green Star Australia GBCA  2003 BREEAM, LEED 
19 Green Star NZ New Zealand  NZGBC 2006 Green Star 
20 Green Star SA  South Africa GBCSA 2008 Green Star 
21 GOBAS China GOB Research Group 2003 CASBEE, LEED 
22 GRIHA India N/A N/A Original 
23 HQE France CSTB 2008 Original 
24 HK-BEAM HK BEAM Society  1996 BREEAM 
25 LEED USA USGBC 1998 Original 
26 LEED-Brasil  Brasil  USGBC, GBC Brasil  2008 LEED 
27 LEED-India India USGBC, IGBC 2001 LEED 
28 LEED Italia Italy USGBC, GBC Italia 2009 LEED 
29 LEED-Mexico  Mexico USGBC, Mexico GBC 2006 LEED 
30 LiderA Portugal 
LiderA system development 
and management team  
2005 Original 
31 NABERS Australia 
Australian Dept. of 
Environment and Heritage  
2005 Original 
32 NGBS USA NAHB Research Center 2007 Original 
33 PromisE Finland Ministry of the Environment N/A N/A 
34 Protocollo ITACA  Italy ITACA 2004 GBTool 
35 SBAT South Africa CSIR 2004 Original 
36 SICES Mexico N/A 2005 N/A 






However, as Raymond J. Cole argued, ―the idea of the principles of sustainability is 
one thing, their assimilation and practice within the building industry is somewhat 
different‖ (Raymond J. Cole, 2003b). It is difficult to prevent the short-sighted 
economic priorities when considering the environment and social sustainability. 
Culture and community issues which are significant for building sustainability are 
rarely taken into account. And the cost management is also neglected in lots of 
systems so that sustainable building could be very expensive and people even think 
that sustainable building equal to expensive. This sort of situation hindered the 
dissemination and promotion of sustainable architecture especially in developing 
countries where the amount of new construction is much higher than developed 
countries. In these areas, sometimes, the reason to demolish a building/neighborhood 
is not end-of-life but the function and capacity of building/neighborhood are not 
enough for the urban expansion and lack of cultural/heritage values. The importance 
of these long-term design concepts should be taken into account. 
What are the components of a building environmental assessment system? Generally, 
a so called ―building environmental assessment method‖ is a way to evaluate the 
environmental performance of a building against an explicit set of criteria and 
typically consists of three major components:  
1). A declared set of environmental performance criteria organized in a logical 
fashion – the structure.  
2). The assignment of a number of possible points or credits for each performance 
issue that can be earned by meeting a given level of performance – the scoring.  
3). A means of showing the overall score of the environmental performance of a 
building or facility the output (Raymond J. Cole, 2003a).  
Figure 2.5 shows the key features that are either implicit or explicit in all existing 
building environmental assessment methods. In this figure, ―input‖ module related to 
the object and scope of the evaluation; ―assessment‖ module is about the content of 
assessment such as the issues to be concern and evaluate; ―output‖ module mainly 
related to the scoring and weighting system; the explanation of the performance is 








Figure2.5 Key feature of assessment method  
(Raymond J Cole, 1999) 
In the ―input‖ module, which kind of building should be evaluated, how to do the 
classification, how to identify the boundary of the building environment should be 
considered. Most systems can evaluate both the new buildings and existing buildings, 
and evaluate most of the building types such as office, residential, and retail 
buildings. They are mainly evaluating building projects, but some of them can also 
evaluate building interiors, communities and urban areas. Although building 
performance is very important, the design of community and urban planning is more 
important stages before building design. The sustainability of community design and 
urban planning should be evaluated also, otherwise the sustainability of building 
maybe meaningless in an unsustainable urban environment. There are several stages 
of a building’s life cycle, from building design to building operation and demolition. 
Most of these assessment systems do life-cycle assessment.  
In the ―assessment‖ module, the content of assessment indicators includes several 
issues of building performance and environmental impact. The early assessment tools 
such as BREEAM and LEED are mainly focusing on the environmental loading 
(environmental dimension) and building performance (one part of the social 
dimension) issues. And the sub-issues of these dimensions such as water 
consumption, energy consumption and indoor environmental quality are very 
detailed and comprehensive. But issues about social & ethical responsibility and 
most economic issues are ignored in these systems. It is reasonable in the early stage 
of sustainable building development because the main purpose of that stage is to 
minimize the environmental loading, energy and recourses consumption on the basis 
of good indoor environmental quality. But in the new stage of sustainable 
development, the connotations of sustainable development and sustainable building 
were deepen and extended. More indirectly, long-term issues should be paid attention. 
Most of the later systems and versions such as SBTool and SBAT considered all the 
three dimensions of sustainability. 
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In the ―output‖ module, the main question is how to rate these issues of building 
environment; how to determine the importance of them and weight them; how to 
calculate the sustainability. There are several scoring systems in these existing 
sustainable building assessment systems. Generally, they can be divided into two 
categories. The first one is rate for each sub-issue, multiply by the weighting factor, 
and then sum the results. The final outcome is a score or a percentage of full score. 
Weighting stage is to reflect the relative significance of each issue within the overall 
performance. It can profoundly influence the final overall building performance 
designation, also represents a key part of current discussions on building 
environmental performance. Lots of rating systems such as BREEAM are using this 
kind of method. The second one is Q-L method which has been firstly used in 
CASBEE. In this method, the assessment issues were divided into two parts: building 
environmental loadings (L) and Building Environmental Quality & Performance (Q). 
Then the main index of evaluation named Building Environmental Efficiency (BEE) 
is an indicator calculated from Q as the numerator and L as the denominator. It is 
represented on the graph by plotting L on the x axis and Q on the y axis, the higher 
the Q value and the lower the L value, the steeper the gradient and the more 
sustainable the building is. Using this approach, it becomes possible to graphically 
present the results of building environmental assessments using areas bounded by 
these gradients. These two different scoring systems both worked in existing 
sustainable building assessment system. But the weighting of each sub-issue can be 
different from one another according to their different context. It should be various 
while taking a comprehensive view of all of the significant issues.  
Then the explanation of the performance could be identified from the display of the 
evaluating result. Early systems such as BREEAM and LEED use a score table to 
display the outcome. Later one such as CASBEE and SBAT shows the assessment 
result in a series of charts. The second display method is more visible and 
story-telling. It could explain the building performance in a single sheet including all 
of the significant information, so that the performance of the project could be 
displayed clearly or compared with each other in studies.  
As Raymond J. Cole argued in his study, there are two significant works should be 
done in the further study of building environmental assessment. One is to develop 
greater refinement and rigour in performance indicators, weighting protocols and, 
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where appropriate, the potential incorporation of LCA approaches to refine the 
constituent measures. The other is to provide side-by-side comparisons of the more 
notable methods and tools to illustrate areas of convergence and distinction, and to 
generate applicable methods in other regions or countries seeking to develop new 
assessment schemes. Within this debate, the scope of comparison and analysis should 
base not only on technical content but also refer to the organizational or market 
context within which the methods operate (Raymond J.Cole, 2005).  
China's sustainable building assessment is still in the initial stage. Currently, Chinese 
government is working on a research project of ―Green Building Assessment 
System‖. The studies of different types of buildings such as office building, 
residential building, and campus building have been carried out. (Song Ling, 2011). 
Besides, a comprehensive evaluation system of green settlements including 
economic issues, ecological issues, building environmental quality, and regional 
issues were developed in Zhou Ruoqi’s study (Zhou Ruoqi, 2007). But rural issues 
are not highlighted in these researches. There is still no comprehensive building 
environmental assessment system applies to poor rural areas of China. As the very 
early stage of building environmental assessment of poor rural areas of China, this 
study will mainly focus on the formulation of the structure, and the ―input module‖ 
and ―assessment module‖ of the system. And according to Raymond J. Cole’s 
argument, to provide side-by-side comparisons of the more notable methods and 
tools, to generate applicable methods in southwest rural China, seeking to develop 
new assessment schemes. 
There are several key aspects of built environmental sustainability assessment 
systems which should be paid attention to in this study: 
- Context: The built environmental sustainability assessment system should be 
developed with a clear understanding of the context within which it is located. It 
includes the environmental, social, and economic context.  
- Sustainable development: Issues and indicators of built environmental 
sustainability assessment system should be developed with a clear understanding 
of sustainable development and sustainability. The components of sustainable 
development/sustainability should be integrated with the components of built 
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environment design, construction, operation, and demolition in order to get a 
comprehensive understanding of the sustainability of built environment.  
- Boundaries of measurement: Every assessment system should define some 
boundaries of measurement. How to identify the evaluation content, scale and 
time period of assessment objects are critical. 
- Evaluate including people: Built environment cannot be sustainable without 
occupants. The evaluation of environmental quality and user comfort should 
have a tolerant of different occupant demand. On the other hand, evaluate 
including people means to consider the acceptance and operability in rural areas. 
To keep the evaluation process and outcomes simple, open and visualized can 
encourage more stakeholders to understand, accept, and use built environmental 
sustainability assessment systems voluntary. 
2.2 Rural construction and rural built environmental 
assessment 
In recent years, China’s rural area developed rapidly, the architecture pattern and 
lifestyle in rural areas are also changing rapidly. At the same time, the development 
of building environmental assessment system in China is still in the initial stage. It is 
difficult to find an appropriate standard to assess rural built environmental 
sustainability in China. In order to clarify the issues of built environmental 
sustainability in rural China; find appropriate strategies and methods of built 
environmental sustainability assessment in rural China, it is necessary to review the 
sustainable development theories and experience of rural area in both China and 
abroad. 
2.2.1 Rural development and countryside construction 
In the context of modernization, the conventional approaches to rural development 
were informed by the concept of modernization which based on the assumption that 
societies should evolve from an irrational, technologically limited traditional society 
to a modern, rational and technologically advanced society (Derek Gregory & Rex 
Walford, 1989). This modernization paradigm is more related to urbanization which 




including agriculture modernization, economic modernization, infrastructure 
modernization and social modernization in China; problems have been emerging one 
after another. 
During China’s rapid development, there is a widening gap between urban and rural 
areas in the process of China’s development (Figure 2.6). The countryside problems, 
peasants problems, and agriculture problems in rural China attracted the attention of 








Figure2.6 Urban and rural per capita income in each province of China 
In order to solve the rural problems, Chinese government started the New 
Countryside Construction
4
 task in 2005. The target and requirement of New 
Countryside Construction can be summarized as: the development production, an 
affluent life, countryside civilization, clean and tidy village, and democratic 
administration. Consequently, several studies about rural construction have been 
done (Jin Zhaosen, 2010; Zhou Tiegang, Mu Jun et al., 2009); large-scale 
construction practices also have been carried out in rural China. In this context, 
Chinese government has increased funding for rural infrastructure. The funds are 
mainly used for irrigation, roads construction, water supply system, power supply 
system, communication system, and biogas (Yang Ping, 2011). And in recent years, 
                                                             
4 New Countryside Construction：新农村建设  
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Chinese government launched the Consumer Electronics Subsidy Program and 
Building Materials Subsidy Program in rural areas to further improve the quality of 
life for rural residents. These policies are changing the pattern of rural communities 
dramatically. 
In the process of New Courtside Construction, neglecting the difference between 
rural and urban area and copying the urban model coursed some serious problems: 
1) Dismantling and merging villages improperly caused huge waste of resources and 
destruction of cultural heritage. New residential buildings of rural area can’t meet the 
requirement of rural lifestyle and agriculture production.  
2) Rebuild the rural residential building without the consideration of village 
infrastructure. Some villages rebuild the residential building according to some 
―standard design‖ provided by local government. These designs mainly focus on 
appearance, but neglected the cultural difference and traditional passive design 
strategies.  
3) Improperly combining the livestock pens reduced the use of kitchen waste and 
biomass, and increased the cost of livestock. 
4) Build the energy supply system in accordance with urban model rather than make 
use of local renewable energy such as solar and wind.  
5) Construction timing and content is not accord with the actual needs of villagers.  
6) Lack of systematic policies and construction strategies of small towns. (Qiu 
Baoxing, 2009).  
In Europe and other developed countries, the critique of rural modernization which 
focused on the problems of over-production, environmental degradation and spatial 
inequality has been proposed since the 1970s. After that, a ―new rural development 
paradigm‖ which is different from the modernization paradigm has been proposed. 
First of all, this paradigm shifted the development emphasis from ―inward 
investment‖ to ―endogenous development‖. Secondly, the mode of delivery for rural 
development has shifted from a ―top-down approach‖ to a ―bottom-up model‖. 
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Thirdly, the structure of rural development policy has moved from ―sectoral 
modernization‖ to ―territorially based integrated rural development‖. The other key 







Table 2.3 Features of the modernization paradigm and the new rural development paradigm 
 (Michael Woods, 2011) 
Under this ―new rural development paradigm‖, rural development should base on the 
local bio-capacity and cultural context. Food localization, the resurrection of 
traditional craft industries and sustainable exploitation of resources, and the 
improvement of social capital will be key points of the significant strategies of rural 
endogenous development. Van der Ploeg and Marsden summarized a wed of rural 
development including endogeniety, novelty, market governance, net institutional 







Modernization paradigm New rural development paradigm 
Inward investment Endogenous development 
Top-down planning Bottom-up innovation 
Sectoral modernization Territorially based integrated development 
Financial capital Social capital 
Exploitation and control of nature Sustainable development 
Transport infrastructure Information infrastructure 
Production  Consumption 
Industrialization Small-scale niche industries 
Social modernization Valorization of tradition 












Figure2.7 The web of rural development 
 (Jan Douwe van der Ploeg & Terry Marsden, 2008) 
Similarly, sustainable rural development theories have been proposed since the 1980s. 
According to the United States Department of Agriculture, ―sustainable agriculture‖ 
means: 
- Satisfy human food and fiber needs; 
- Enhance environmental quality and the natural resource base upon which the 
agriculture economy depends; 
- Make the most efficient use of non-renewable resources and non-farm resources 
and integrate, where appropriate, natural biological cycles and controls; 
- Enhance the quality of life for farmers and society as a whole (Dewey Thorbeck, 
2012). 
In the architecture field, the attention of regional architecture and vernacular 
architecture comes from the regional construction and green building thoughts 
appeared in the 20th century. A lot of studies focusing on the architectural form and 
construction method of vernacular building have been done in this context in western 




Cassandra Adams, 2000). In Southwest China where have many ethnic minorities 
and rich cultural heritage, a large number of vernacular buildings were still in use. A 
lot of studies investigated the form, spaces, and design strategies of regional 
architecture in Southwest China (Wu Ying, 2007a; Yang Yuzhen, 2002a; Yang 
Yuzhen & Dai Zhizhong, 2001; Zhang Xingguo & Feng Di, 2006). For example, 
Wang Renping imported the theory of sustainable development to this study, to find 
a sustainable solution of rural building environment in Yunnan (Wang Renping & 
Cai zhenyu, 2006; Wang Renping, 2002). In Wang Renping’s study, he found that 
the embodied energy of vernacular building in Yunnan is much lower than 
conventional new building. He argued that vernacular building has its advantage in 
low energy density (Wang Renping, 2002).  
Vernacular houses have much lower environmental loading than modern residential 
buildings, but the environmental quality of vernacular houses is also lower than 
modern residential buildings especially in poor rural area of Southwest China. 
Traditional vernacular buildings have a harmonious relationship with nature, but the 
health conditions and seismic performance restricted the development of vernacular 
building. People don’t feel comfortable and safe in this kind of vernacular building. 
In the developed rural areas, buildings were constructed with modern materials such 
as concrete and break. The environmental quality is a litter bit higher than vernacular 
building, but environment load and construction cost is also much higher than 
vernacular building. People still cannot live a comfortable, safety and affordable life 
in this kind of building because they cannot fully understand the design and 
construction technology of modern architecture. The construction quality and 
building performance are not satisfactory (Lv Xiuyan, 2008).  
China’s rural construction has achieved remarkable success recent years. But the lack 
of comprehensive understanding and assessment system of rural built environmental 
sustainability restricted the sustainable development of rural China. As argued in 
many studies, the main issue of sustainable rural construction and development is not 
only about building. It is more related to the economic and cultural issues (Guan 
Huashan & Ma Yongying, 2008; Zhang Jun, 2007). The social dimension and 
economic dimension of sustainable development are more important in rural area 
because of their poor economic condition and rich cultural heritage. The mission of 
sustainable development in rural area is not only to save energy and reduce carbon 
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emission; it is also should reduce the financial burden of farmers, improve the rural 
public service facilities, and protect the traditional culture and heritage. These issues 
should also be considered in the built environmental sustainability assessment in 
rural areas. The endogenous development model should be taken into account in poor 
rural areas of Southwest China.    
2.2.2 Rural Built environmental sustainability assessment  
Currently, the standard and assessment systems can be use in building environment 
of rural China is mainly about sanitary conditions such as the Hygienic Standard for 
Rural Housing and the Hygienic Standard for Rural Household Latrine (Ministry of 
Health of China, 1988; MOHURD and AQSIQ, 2003). In 2006, the Ministry of 
Environmental Protection of China established a National Eco-village Creating 
Standard to encourage the creation of eco-village. This standard included economic, 
sanitation, pollution control, resource, sustainable development, and public 
participation indicators. But none of them involved sustainable architecture issue 
(Ministry of Environmental Protection of China, 2006). Obviously, there is a lack of 
comprehensive built environmental assessment system apply to rural China.  
Several studies related to vernacular building performance assessment have been 
done in China and abroad. For example, Professor Shuzo Murakami wrote a book 
Environmental Assessment of Vernacular Architecture which investigated and 
evaluated a series of vernacular buildings (Shuzo MURAKAMI, 2008). And there is 
another paper evaluated several vernacular building through CASBEE (Shuzo 
MURAKAMI & Toshiharu IKAGA, 2008). Shuzo Murakami found that the building 
performance of vernacular building such as indoor environmental quality is not good 
enough to be a sustainable building although its environmental load is relatively 
lower (Shuzo MURAKAMI & Toshiharu IKAGA, 2008). In China, several studies 
and practice did by architect, academic, and non-government organizations shows 
that vernacular buildings can also achieve good environmental quality and good 
sustainability in rural China. Ren Weizhong did a series of rammed earth housing 
project in Zhejiang (Xu Liping & Ma Quanming, 2007); Xie Yingjun leaded a series 
of post-earthquake reconstruction project in rural China after Sichuan earthquake 
2008 (Nie Chen, 2009b); Wu Zhi Qiao (Bridge To China) Charitable Foundation also 
did several sustainable rural construction project in west China (Edward Ng, Mu Jun 
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et al., 2009; Edward Ng Yan-yung & Mu Jun, 2007). However, these projects cannot 
be fully recognized and appreciated by most of the existing building environmental 
assessment systems in China and abroad. There is a gap between rural built 
environmental sustainability and rural built environmental assessment.  
The differences between urban and rural building are not recognized and separated in 
most of the representative building environmental assessment systems such as 
BREEAM, LEED, and CASBEE. It is probably because these green/sustainable 
building assessment systems were emerged in western developed countries which 
have high level of urbanization. In these countries, the environmental problems 
caused by building environment mainly appeared in urban areas. Therefore, the 
motivations of existing representative building environmental assessment systems 
are quite different from rural build environmental sustainability assessment.  
For example, as the first environmental assessment method and rating system for 
buildings, BREEAM’s objectives are as follows: 
- To provide market recognition to low environmental impact buildings 
- To ensure best environmental practice is incorporated in buildings 
- To set criteria and standards surpassing those required by regulations and 
challenge the market to provide innovative solutions that minimize the 
environmental impact of buildings 
- To raise the awareness of owners, occupants, designers and operators of the 
benefits of buildings with a reduced impact on the environment 
- To allow organizations to demonstrate progress towards corporate 
environmental objectives (BRE Global Ltd, 2009) 
As a market-driven program, LEED has been designed to: 
- Lower operating costs and increase asset value  
- Reduce waste sent to landfills  
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- Conserve energy and water  
- Be healthier and safer for occupants  
- Reduce harmful greenhouse gas emissions  
- Qualify for tax rebates, zoning allowances and other incentives in hundreds of 
cities (U.S. Green Building Council, 2012) 
The objectives of these two rating system show that, the potential early motivates of 
the early building environmental assessment systems is to change the construction 
industry and achieve market transformation of Green Building industrialization by 
attaching a label of environmental performance that increases the real market value 
of buildings with improved environmental qualities. Therefore, the industrial 
production, certification, and incentives of Green Buildings are internal industrial 
chain of these programs. Obviously, this kind of market-based motivation is quite 
different from an endogenous development model of poor rural areas. As mentioned 
before, in the new rural development paradigm, social capital will be more 
significant than financial capital, the development small-scale niche industries will 
be more vitality than industrialization. 
On the other hand, these rating systems are mainly dealing with environmental 
problems such as pollutions, waste, emissions, and energy and resources 
consumptions. The social dimension and economic dimension of sustainability were 
not highlighted in the objective of these systems. But in poor rural areas of southwest 
rural China, these two dimensions are even more significant than environmental 
dimension. The challenge of rural development is not only about environmental 
protection, but also about how to improve economic and social development, and 
how to increase living environmental quality without environmental loading 
increasing.  
In Japan, the oldest form of building environmental assessment was basically aimed 
at improving living amenities or enhancing convenience for occupants. At this stage, 
the environmental assessments paid no attention to the fact that buildings simply 
discharged their environmental loadings into their surroundings. Since the public 
concern over pollution problems in urban areas increased in 1960s, environmental 
40 
 
impact assessments were established in Japan. This was the time when the concept of 
environmental loadings was initiated and incorporated into building environmental 
assessments. As mentioned before, the main issue of those representative assessment 
systems such as BREEAM and LEED is the environmental loadings that the 
buildings have on the environment. However, none of the above assessment tools 
clearly distinguish between environmental quality and environmental loading. 
Development of CASBEE started from the critical thinking and innovation of the 
above situation. CASBEE considered the building and its on-site space as a small 
ecosystem with a hypothetical boundary, and the space beyond is public (non-private) 
space, which is largely beyond control. The environmental loads can thus be defined 
as "the negative environmental impact that extends outside to the public environment 
beyond the hypothetical enclosed space". The improvement of environmental 
performance within the hypothetical enclosed space is defined as "the improvement 
in living amenities for building users." Dealing with both factors, the CASBEE 
clearly defines these two factors, and distinguishes one from the other. This is the 








Figure2.8 Division of the assessment categories for Q: Built Environment Quality and L: Built 
Environment Load based on the hypothetical boundary 
 (JaGBC & JSBC, 2012b) 
Based on these two factors, CASBEE use BEE (Building Environment Efficiency) to 
evaluate building environment. BEE is an indicator calculated from Q (built 




denominator (BEE=Q/L). This is the core concept of CASBEE. 
CASBEE was carried out as a cooperative project between industry, government and 
academia with the assistance of the Japanese Ministry of Land, Infrastructure and 
Transport (JaGBC & JSBC, 2012a). It is not a simple market-driven program. The 
motivation of CASBEE is to increase BEE rather than Green Building 
industrialization. This concept which clearly defines the negative environmental 
impact and improvement of environmental performance, and distinguishes one from 
the other is also applies to rural areas. However, the definition of these two factors in 
poor rural areas will be quite different from urban areas in developed countries. In 
built environment of rural areas, the negative environmental impact content all the 
environmental loadings from building environment, public and agricultural 
infrastructures. The improvement of environmental performance should consider not 
only physical comfort but also spiritual needs and economic development needs. 
Overall, the logic and emphasis of rural built environmental sustainability are quite 
different from the existing building environmental assessment systems which are 
mainly established for urban areas. The study of rural built environmental 
sustainability assessment is incomplete and not systematic. It is urgent to establish a 
built environmental sustainability assessment system for poor rural areas of China. 
2.3 Hypothesis of this study 
To find a proper solution of sustainable rural development in poor rural area of 
Southwest China, a framework of built environmental sustainability assessment 
system of poor rural area of Southwest China is needed to be established. This 
system should be different from existing assessment methods for urban building. It 
should be established according to the sustainable development theory and the 
endogenous rural development model, and base on the local context.  
The structure of rural building environmental assessment in this study include 
following content: 
1) Aims of assessment 
2) The scale, criteria, and time scope of assessment objects.  
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3) The categories, issues, sub-issues, and indicators of assessment system. 
2.4 Summary and conclusions 
There are several theories and fields related to this study such as sustainable 
development, sustainable architecture, building environmental assessment method 
and rural development. Each field has plenty of studies and practices in China and 
abroad. In this study, the components of sustainability, the theory and strategies of 
sustainable building and community, and the existing building environmental 
assessment systems in China and abroad will be the main theoretical basis and 
reference.    
But for built environmental sustainability assessment in poor rural areas of 
Southwest China, existing building environmental assessment systems did not paid 
enough attention to the context and problems of poor rural areas. The logic and 
emphasis of rural built environmental sustainability are quite different from the 
existing building environmental assessment systems which are mainly established for 
urban areas. Under China’s current situation and rural development policies, the 
potential building environmental energy consumptions in southwest rural China in 
future will be enormous. The ill development of poor rural area will cause more and 
more environmental and social problems. It is necessary to formulate a built 
environmental sustainability assessment method for rural development and 
construction to provide a standard and regulation. The above theories should be 
combined and integrated according to the local context of poor rural area of 





CHAPTER 3 CONTEXT OF SOUTHWEST RURAL 
CHINA AND ITS INSPIRATION 
3.1 Context of southwest rural China 
Southwest rural China has distinctive natural conditions and local cultures. This 
region is mountainous and underdeveloped. The traditional vernacular building of 
this region has long history and low environmental loading. At the same time, this 
area is one of the main areas to implement China’s rural development and 
construction. It is also a main area to carry out post-earthquake reconstruction after 
the 2008 earthquake. Therefore, the construction methods and lifestyle are changing 
rapidly in rural communities of this region. Understanding of local context has great 
significance for evaluating which kind of built environment is appropriate to local 
sustainable development.  
3.1.1 Natural environment 
1) Geographical conditions 
Southwest China is located in the middle of the Tibetan Plateau and the plain of 
central China. The elevation of most areas of Southwest China is between 500—
2000 meters (Figure 3.1). The main topography of Southwest China is hills and 
mountains (Figure 3.2). Besides, his region is rich in water resources because there 
are plenty of rivers (Figure 3.3). Therefore, the geographical pattern of mountains 






Figure 3.1 Section diagram of the topography of Southwest China 













Figure 3.2 Topography of Southwest China 










Figure 3.3 Drainage density of Southwest China 
 (Mu Jun, 2010) 
This kind of geographical pattern leads to a quite inconvenient transportation of 
southwest rural China which seriously restricted rural development. It is very 
difficult to go outside for education, health care, purchasing and trading in these 
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mountainous areas. Additionally, the commercial water supply facilities, energy 
supply facilities and communication facilities in these mountainous areas are also 
difficult to be built. For example, in Dali, Yunnan, more than 700 villages have no 
roads for motor vehicles; about 37 thousand people have drinking water problem; 
only 19% of the farmland have effective irrigation; more than 200 villages have no 
lightening power resource. In Yi Autonomous Prefecture of Liangshan, Sichuan, 
more than 1000 villages have no roads for motor vehicles; more than 600 villages 
have no electricity; more than 3000 villages have no telephone (Nie Hualin, 2007). 
This phenomenon is very common in the poor rural areas of Southwest China.  
Southwest China is an area with frequent natural disasters. Earthquake has been 
occurred frequently in some areas of Yunnan and Sichuan (Figure 3.4). Others 
natural disasters such as landslide and debris flow also occurred frequently in 
Southwest China. Natural disaster is one of the reasons which lead to the poverty of 









Figure 3.4 Earthquake epicenter distribution of China 
 (Chinese national geography, 2008)  
2) Climatic conditions 





the climate is warm and humid (Figure 3.5). But because of the rainy weather, the 
annual sunshine hours of Chongqing, Guizhou, and Sichuan Basin are limited 







Figure 3.5 Temperature range of Southwest China 










Figure 3.6 Annual precipitation and annual sunshine hours of Southwest China 
 (Mu Jun, 2010) 
However, according to the change of elevation and latitude, the climate type of 
Southwest China is diversified. In the research of climate in Southwest China (Chen 










Figure 3.7 Climate zoning of Southwest China 
- Fringe Tropics: This zone is composed of several low and hot valleys at the 
northern edge of Southwest China. The weather here is hot in summer and warm 
in winter. There are clear dry and wet seasons in these areas. This kind of warm 
climate is conducive to the growth of crops and tropical fruits.     
- South Asia Tropical: This zone covers a large area of Yunnan, and small areas 
of southern Guizhou and southern Sichuan. Summer of these areas a relatively 
long, and winter is short. Similar with the Fringe Tropics, the warm climate of 
South Asia Tropical is also conducive to the growth of crops and tropical fruits.     
- Central Asia Tropical: This zone covers most of the Sichuan Basin and extends 
to Guizhou and Yunnan. This zone has a humid climate with four distinct 
seasons.   
- North Asia Tropical: Most of this zone is located in mountainous areas which 
are frequently cloudy and rainy. The weather is mild in summer, but relatively 
damp and cold in winter. 
- Warm Temperate Zone: This zone is also located in mountainous areas. In this 
zone, summer is cool and short, winter is cold and long. This kind of climate is 
suitable for the development of forestry and animal husbandry.  





Winter is long in this zone without summer.  
- Frigid Temperate Zone: This zone is located in Qinghai-Tibet Plateau. The 
weather is cold and humid in most of the year. Meteorological disasters such as 
frost and snowstorm happened frequently in this zone.  
- Subfrigid Zone: This zone is also located in Qinghai-Tibet Plateau which has a 
high elevation. The temperature in most of the year is lower than 10℃ in this 
zone. Hailstone and thunderstorm happened frequently in this zone.  
These different types of climate should be considered in the bio-climate design of 
sustainable buildings in these areas. It should be also a reference during the 
assessment of passive building design. 
Although the water resource is abundant in Southwest China, the temporal 
distribution of water resources is uneven. In other words, there is a great disparity 
between different seasons’ precipitation. For example, in Jinshajiang dry-hot valley, 
from November to April is dry season, and from May to October is rainy season 
(Figure 3.7). Drought often occurs in some areas of Yunnan and Sichuan during the 
dry season. Ice-snow frozen disaster often occurs in some areas of Guizhou because 











Figure 3.8 The monthly precipitation of Jinshajiang dry-hot valley 
 (Zhang Chunhua, Sun Yongyu et al., 2009) 
3) Natural resources 
Overall, the biocapacity of Southwest China is not high. Among them, the 
biocapacity of Yunnan and Sichuan are relatively higher, the biocapacity of Guizhou 
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Figure 3.9 Biocapacity in China’s provinces (2008) 
(WWF, 2010) 
Southwest China is also a species-rich area because of its complex terrain and 
climate. With dramatic variations in climate and topography, the Mountains of 
Southwest China support a wide array of habitats including the most endemic-rich 
temperate flora in the world. Climatic and topographic conditions result in a wide 
variety of vegetation types across this area, including broad-leaved and coniferous 
forests, bamboo groves, scrub communities, savanna, meadow, prairie, freshwater 
wetlands, and alpine scrub and scree communities (Conservation  International, 
2012). Therefore, most areas of southwest rural China are rich in biomass energy.  
Southwest rural China is also rich in natural building materials. The main natural 
building materials in southwest rural China are stone, timber, earth and 
bamboo/straw. Southwest China lies at the intersection of the Eurasian plate, Indian 
plate and Pacific plate. Geological movement created a wealth of natural stone which 
can be easily collected and use for building wall and foundation construction. For 
example, the Qionglong building
5
 in some Qiang and Tibetan areas was built of 
stone. Another traditional vernacular building in Southwest China is raw soil 
buildings. The soil in Southwest China is suitable for construction because it contains 
enough clay. It also has good thermal performance. Besides, timber and bamboo are 
widely used in stilt style building. These materials are cheap and easy to get. The 
                                                             




embodied energy of these materials is much lower than conventional industrialized 
building materials. There resources and materials are very suitable for the scattered 
mountain settlements.  
However, nowadays, Southwest China is heavily impacted by human activity. High 
population growth rates among the inhabitants of the region and immigration from 
other parts of China have exacerbated the pressures on natural habitat. One of the 
most serious threats to the area was intensive commercial logging. Today, even with 
the ban on commercial logging, forests are still being logged at a significant rate for 
firewood collection and house construction, particularly in the bitterly cold high 
valleys of the region. With the exception of scree slopes and vertical cliffs, areas 
with no forest cover or that are unsuitable for crops are heavily impacted by large 
herds of grazing animals, such as yak, sheep, and goats. Both logging and 
overgrazing have predictably led to serious erosion on steep slopes and to the 
siltation of rivers. Emerging threats include dam building on all main rivers in 
southwest rural China, mining, and unplanned mass tourism development, all of 
which are accompanied by road expansion (Conservation International, 2012). The 
conventional rural modernization development model cannot stop this kind of threat. 
Poor rural areas of Southwest China have to find another way of development.  
4) Settlement conditions 
The above mentioned geographical and climatic conditions lead to several special 
models of human settlement in southwest rural China. Professor Yang Yuzhen 
summarized them as ―plateau settlements‖, ―mountain villages‖, and ―flatland 
settlements‖ in his study (Yang Yuzhen, 2002b) (Figure 3.10). Among them, the 
―plateau settlements‖, ―mountain villages‖ are mainly located in poor rural areas. 
The development level of ―flatland settlements‖ is relatively higher than the others 












Figure 3.10 Three models of human settlement of southwest rural China 
- Plateau settlements: The model of production of the plateau settlements is 
agriculture and animal husbandry. Therefore, people lives in tents for grazing 
and Qionglong buildings for cultivation. The Qionglong building is closed and 
compact, in order to withstand the harsh climate of plateau. They are located in 
sunny sites and close to the water source. Architectural forms of this area were 
influenced a lot by religion.  
- Mountain villages: The most common form of human settlement of southwest 
rural China is mountain villages. They are macroscopic scattered and 
microscopic clustered due to topographical constraints. This kind of spatial 
pattern leads to a slow development and weak cultural exchange. Therefore, the 
centrality of mountain villages is also weak. The main architectural form of 
mountain villages is flexible ―stilt style building‖6 , and ways of building 
organizing are free and divers according to the topographic conditions.  
- Flatland settlements: Flatland settlements are meeting place of economic and 
cultural activities of surrounding mountain villages. They have function of unite 
the culture of surrounding mountain villages. Thus, the development level of this 
kind of settlement is relatively higher than plateau settlements and mountain 
villages. It has been impacted by the surrounding cultures such as nomadic 
culture from the north and farming culture from the central plains. Thus the most 
advantage culture is dominant, pluralistic culture coexist in this area. Expressed 
in building form, courtyard building is dominant, and a variety of architectural 
forms coexist.  
                                                             




In this study which focusing on the poor rural areas in Southwest China, plateau 
settlements and mountain villages are the most common types. These settlement 
models show that, traditional rural community construction in southwest rural can 
adapt to the terrain and make full use of limited land; it can also make full use of 
local resources and materials. The rural buildings always have uniform construction 
methods and a variety of building forms. Both the construction methods and the 
building forms can harmonize well with the natural environment.  
3.1.2 Social conditions 
1) Variety of minority culture 
Southwest China is a minority inhabit district. Lots of ancient and unique minority 
cultures have been preserved because of the scattered and closed living environment. 
Thus, southwest rural China has rich and colorful minority and religious cultures. 
According to the statistics of the fifth national population census in 2000, at least 25 
of China’s 55 minority nationalities live in Southwest China. More than 30% of the 
population of Yunnan and Guizhou are minority (Figure 3.11) (Census Office of the 
State Council & National Bureau of Statistics of China, 2001). However, because of 
the natural, historical and other reasons, most of the minority population of 







Figure 3.11 Population of Han and minority nationalities in China 





Southwest rural China is one of the poorest regions in China. The per capita net 
income of rural residents of Sichuan, Chongqing, Guizhou, and Yunnan are all below 
the national average (Figure 3.12). Furthermore, there is also an uneven development 
in Southwest China (Figure 3.13). Villages located in mountain areas with poor 
traffic conditions are always poorer and more backward. Mountains and rivers lead 
to a high cost of transportation facility construction that is unaffordable for poor rural 
area. Overall, the inadequate infrastructure is one of the factors restricting the 
















Figure 3.13 Per capita net income of Southwest China 
 (Mu Jun, 2010) 
On the other hand, the health and educational levels of southwest rural China are 
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relatively low. About half of the villagers’ educational level is below the junior 
secondary school. The living environment of southwest rural China has relatively 
poor sanitation. Unsafe water, sanitation and some unhealthy habits threaten to 
human health.  
3.2 Sustainable development of southwest rural China 
Although the overall status of southwest rural China is relatively poor and backward, 
the development of this region is fast. This region also has great ecological potential. 
Several successful sustainable building practices show that it is possible and 
necessary to implement sustainable building development and assessment in 
southwest rural China. Recognizing the current advantages and problems is 
conductive to the establishment of the assessment framework. 
3.2.1 Current situation and ecological potential of southwest rural 
China 
Currently, although the population density of southwest rural China is relatively low, 
some areas of southwest rural China also have biocapacity deficit because of the 









Figure 3.14 China’s Ecological Footprint surplus/deficit distribution (2008) 





There is a marked difference in per person Ecological Footprint between urban and 
rural areas, this gap may continue to widen in the near future. This is mainly due to 
the urban and rural income gap and consequent differences in consumption and 
energy utilization. The changes in residential patterns and lifestyles that accompany 
urbanization present a specific challenge in terms of managing rapid Ecological 
Footprint growth for China (WWF, 2010). Currently, the Ecological Footprint of 
southwest rural China is relatively low. But it will increase rapidly if rural 
development always follows the urban model. Therefore, rural development in 
southwest rural China should find a sustainable way which can raise the living 
standard of poor rural areas and, at the same time, do not increase Ecological 
Footprint of rural areas. Besides, rural development of southwest rural China should 
not only conserve the biocapacity but also increase the biocapacity and recover the 
ecological environment.   
Except the natural resources, poor rural areas of Southwest China also have a wide 
variety of vernacular architecture which could be ecological potential of built 
environment. Professor Yang Yuzhen summarized the traditional architecture of 
Southwest China as Qionglong building, stilt style building, courtyard house, and 
cross-timber log construction in his thesis (Yang Yuzhen, 2002b). Each of the 
architectural forms is in line with the local natural conditions and cultural 







Figure 3.15 Traditional architectural forms of Southwest China 
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Qionglong building is a traditional architectural form of the Tibet and Qiang. It is 
mainly distributed in western Sichuan plateau and northwest Yunnan. These regions 
are rich in stone and soil. Thus some of the Qionglong buildings were built of stone; 
the others were built of rammed earth. Cold weather and frequent war made 
Qionglong building compact and thick. In general, the ground floor of Qionglong 
building is storage space and livestock pens; intermediate floor is the main living 
space; the top floor is semi-open space which can be used for drying and praying. In 
order to fully utilize the limited plains, Qionglong building is designed according to 
the mountainous terrain.  It is always face to the sun and back to the dominant wind 
direction in winter. Patio and skylight have been used to increase the lighting. In 
Tibetan areas, Qionglong building also shows strong ethnic and religious color.  
Stilt style building is a bottom overhead architectural form in hot and humid areas, 
which was built of timber, bamboo, and straw. It is mainly distributed in Guizhou, 
eastern Sichuan, and southern Yunnan. Humid climate, mountainous and forest-rich 
are main reasons for the formation of this architectural form. It can stop the moisture 
of the ground and block snakes, rats and insects. In southwest rural China, stilt style 
building derived into Diaojiao building
7
, bamboo house, and timber house.  
Courtyard building is appropriate to flatland and valley area. Thus it is mainly 
distributed in Sichuan, western Yunnan, and central Yunnan. The joint utilization of 
courtyard and stilt style building also makes it suitable for mountainous area. 
Construction materials of courtyard building can be brick, soil or stone. Large 
sloping roof makes it more suitable for rainy weather. The combination of building 
spaces of courtyard building is flexible.  
Cross-timber log construction is mainly distributed in western Sichuan and western 
Yunnan where are highland and forest zone. The walls of these houses were piles up 
by log. Some of these houses also made their roofs with wood chips.   
There are several advantages of these traditional vernacular buildings. First of all, 
good passive design allowed them to adapt to local climatic and topographic 
conditions. There is no large-scale transformation of the terrain in most vernacular 
building construction. In passive buildings, the range of human comfort is more 
                                                             
7 Diaojiao building: 吊脚楼 
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flexible. Thus, the construction and operation energy consumption of vernacular 
buildings will be relatively low. Secondly, they make full use of local natural 
materials and biomass energy which are cheap and environment-friendly. The 
embodied energy and transportation energy consumption of these materials are much 
lower than industrialized materials such as brick and cement. Use of biomass energy 
such as biogas can reduce the use of commercial energy in rural area. Therefore, the 
demand of commercial energy production and transportation are reduced. Thirdly, 
vernacular buildings can always meet the needs of residents’ agricultural production 
and daily life. Residents are very familiar with the design and construction 
technology of vernacular building so that they can build and renovate their own 
houses according to their own needs. Fourth, vernacular building contains cultural 
and religious features of minorities. Vernacular architecture plays a significant role 
in festivals and religious activities of ethnic minorities.  
Vernacular buildings of southwest rural China also have some inadequacies. For 
example, some rammed earth buildings do not have anti-seismic structure. The 
durability of some vernacular building is relatively low. In some cases, the sanitary 
conditions of vernacular buildings are relatively poor because of the villagers' lack of 
health awareness. And the infrastructures of some vernacular villages are inadequate.  
Therefore, a good solution of sustainable construction of southwest rural China is to 
keep the existing traditional construction model, reform and improve them, rather 
than replacing them with brick and concrete buildings. 
3.2.2 Development models and sustainable construction practice in 
southwest rural China 
In China, the implementation of New Countryside Construction is leaded by the 
Ministry of Housing and Urban-Rural Development of the People’s Republic of 
China (MOHURD). This kind of top-down implementation model with higher 
execution is the main driving force of rural construction and development in 
southwest rural China. It is often large-scale, fast, and effective like the 
modernization paradigm of rural development. But this kind of rural development 
often has a great impact on rural life. Villagers played a relatively passive role in the 
process of rural transform. In countryside development and reconstruction in recent 
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years, the conventional brick-concrete building is more and more accepted in rural 
areas. But it is not affordable and suitable for most poor rural areas of Southwest 
China.  
First of all, the construction materials such as brick, cement and steel bar are difficult 
to be transported to remote mountainous areas. The transportation cost and 
transportation energy consumption cause a great waste. The embodied energy and 
environmental loading of these materials are much higher than local natural materials. 
And the thermal performance of these industrialized materials is not as good as local 
natural materials such as rammed earth. Thus, the conventional brick-concrete 
building will consume more operational energy in cold winter and hot and humid 
summer. It is both unaffordable and unsustainable. 
Secondly, due to the relatively low level of education, and lack of technical guidance 
and training which is easy to understand by rural residents, most of rural residents 
cannot master appropriate design and construction techniques of brick-concrete 
building. Thus, poor indoor environmental quality and poor seismic performance are 
common problems of new rural residential buildings.  
Thirdly, most of the unified constructions in rural areas do not have enough villagers’ 
participation. The layout of building space cannot meet the needs of villagers' 
production and daily life. For example, the spaces for storage, air-dries, and livestock 
are inadequate in many new rural communities.  
Last but not the least, under government’s New Countryside Construction Policy and 
Building Materials Subsidy Program, traditional vernacular building in southwest 
rural China is gradually replaced by brick-concrete building. The colorful minority 
culture carried by traditional vernacular building is disappearing at the same time.  
Besides, a lot of individuals, research institutes, and non-government organizations 
(NGO) also implemented a series of sustainable rural construction and development 
projects. They often cooperated with local government and communities in a 
bottom-up strategies like the endogenous rural development model. The scale of 
these projects is relatively small, and the objects are more specific. On the other hand, 
these projects often have extensive public engagement. The needs of the villagers can 
be more considered. But different institutes and NGOs have different professional 
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backgrounds and aspirations. Different aspects of sustainable rural construction and 
development may not be able to fully take into account.  
For example, Xie Yingjun and his Rural Architecture Studio leaded a series of 
post-earthquake reconstruction projects in Sichuan after the earthquake in 2008. 
They tried to use a light steel structure to imitate the traditional column and tie 
construction
8
, to keep the construction organization of traditional rural building, and 
allow the villagers to participate in the design and construction process as much as 
possible. This kind of strategy is aiming to provide a partially standardized structural 
system which is anti-seismic, and at the same time, which is flexible and variable 
enough for villagers (Nie Chen, 2009a).  
Wu Zhi Qiao (Bridge to China) Charitable Foundation also organized several 
sustainable rural construction projects in Sichuan. In the post-earthquake village 
reconstruction and demonstration project of Ma’anqiao Village, the traditional 
rammed earth building technology was innovated by a series of anti-seismic design 
and construction technology improvement. A Village Center with a clinic, 
kindergarten, library, and shop was built to provide better services to the community. 
The infrastructures such as bridge, road, and water supply facilities have been built 
or repaired. This project aims to help villagers rebuild their homes and lives after the 
2008 earthquake, and more significantly, demonstrate and convey a sustainable and 
humane way of post-earthquake village rebuilding that local villagers could afford, 
own, and pass on (Wan Li, Edward Ng et al., 2011).  
Beside, similar projects were launched in Sichuan recent years (Cheng Hui, Hu 
Rongrong et al., 2009). These projects provide some good examples of sustainable 
construction and development in southwest rural China.    
The development models and sustainable construction practices show that southwest 
rural China is in a development and transition period. Integration of social resource 
and open up new ideas of rural construction for southwest rural China could find 
some solutions of existing rural problems. It is feasible to implement sustainable 
construction and endogenous development in southwest rural China. Their 
experiences should be absorbed in the development of assessment system. 
                                                             
8 Column and tie construction: 穿斗式建筑 
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3.3 Inspiration to built environmental sustainability 
assessment  
After the review of context and development of southwest rural China, the 
characteristics and limitations of poor rural area of Southwest China have been 
recognized and clarified. China’s rural settlement has a long history of thousands 
years. The traditional model of these mountain settlements was mainly based on a 
self-reliance agricultural society model. In this model, people lived in the scattered 
villages to get land and water in mountain areas. They can get almost all of the 
production and living materials in the surrounding area of their settlement so that 
there is no need to pay too much attention to the transportation facilities which is 
very difficult to build in these mountain areas. The endogenous development model 
is quite appropriate to the natural conditions of southwest rural China in a long 
period of time (Chen Guojie, Fang Yiping et al., 2007).    
After the industrial society formed, the dominant economy changed from agriculture 
to industry, the dominant resources changed from farmland to mineral and energy, 
market economy replaced the self-sufficient economy, This kind of development is 
quite different from the traditional lifestyle of southwest rural China, so that lots of 
rural areas became poor and backward. Because of the impact of industrial 
development model, the self-reliance lifestyle was broken. However, the new 
lifestyle is not affordable in these remote rural areas. For example, various local 
crops have been replaced by single exotic species which are highly relying on 
pesticides and fertilizers. Therefore, the biological diversity and the ability to resist 
risks of rural areas have been reduced (Qi Gubo, Xu Xiuli et al., 2010). Similarly, 
various local vernacular buildings and construction technologies have been replaced 
by single industrialized building and construction technology which are highly 
relying on industrialized materials and equipment. Consequently, people have to earn 
much more money and go outside to buy more production and living materials which 
they no need to buy before. This kind of lifestyle transformation may not be negative 
in plain areas, but earning money and going outside are the most difficult things in 
the remote mountainous rural areas of Southwest China because of its natural and 
social conditions.    
Obviously, the conventional rural development model in China is not suitable for 
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remote and poor rural areas of Southwest China. Southwest rural China should find 
another development model which is suitable for their natural and social condition 
instead of copying the conventional model. This model should appreciate the 
advantages of traditional lifestyle and consider the needs of modern people’s 
development.  
According to Maslow’s hierarchy of needs theory, the basic needs of human can be 
divided into 5 levels: 
- Physiological needs: Physiological needs are the most basic needs that are vital 
to survival, such as the needs for water, air, food, clothing and shelter.  
- Safety needs: With their physical needs relatively satisfied, the individual's 
safety needs take precedence and dominate behavior. Safety and security needs 
include personal security, financial security, health and well-being, and safety 
net against accidents/illness and their adverse impacts  
- Love and belonging needs: The third layer of human needs is interpersonal and 
involvse feelings of belongingness. Humans need to feel a sense of belonging 
and acceptance. They need to love and be loved by others. 
- Esteem needs: Esteem presents the normal human desire to be accepted and 
valued by others. People need to engage themselves to gain recognition and 
have an activity or activities that give the person a sense of contribution, to feel 
self-valued, be it in a profession or hobby. 
- Self-actualization needs: This level of need pertains to what a person's full 
potential is and realizing that potential.(A.H.Maslow, 1943; Wikipedia, 2012b) 














Figure 3.16 An interpretation of Maslow's hierarchy of needs, represented as a pyramid with the 
more basic needs at the bottom 
 (Wikipedia, 2012b) 
In rural development, the main function of built environment is to meet the basic 
needs include physiological needs and safety needs. Then to provide a comfortable 
environment as a carrier of psychological needs include belongingness and love 
deeds, esteem needs and self-fulfillment needs. 
Therefore, there are two levels of poor rural development:   
- First of all, rural settlements should try to reduce their dependence on outside 
resources and improve the ability to control life and resist risks. They should try 
to meet the basic needs of life without external support and natural 
environmental damage. Which means to achieve self-reliance in basic living 
materials under existing bio-capacity, and at the same time, do not reduce the 
bio-capacity.  
- Secondly, to achieve the comprehensive development of human and make it 
sustainable, rural settlements should try to recover the natural environment, 
increase the bio-capacity; and to meet the psychological needs including love 
and belonging needs, esteem needs and self-actualization needs of people’s life 




These two levels should always be the standard of built environmental sustainability 
assessment system.  
3.4 Summary and conclusions 
Southwest rural China has distinctive characteristics of natural and social conditions 
and great ecological potential. The poor rural areas are break up by mountains and 
rivers, thus these areas have relatively closed social environment which preserved 
colorful minority culture, vernacular buildings and traditional lifestyle. However, the 
impact of large-scale rural development and construction in China neglected 
sustainability. The development policies are mainly focusing on the increase of 
famers’ income and productivity, the stability and equilibrium of rural ecosystem 
have not been guaranteed. Therefore, rural ecosystems are more and more dependent 
on the outside industrial products, it become fragile and unsustainable. The farmers' 
ability to control their lives and production are declining (Qi Gubo, Xu Xiuli, et al., 
2010). This area is still underdeveloped which has a low level of economy and 
education.  
The sustainable development model of poor rural areas of southwest rural China 
should be different from conventional development model. The evaluation standard 
should be distinguished from urban areas as well. This assessment system should 
take both the needs of rural ecosystem protection and human development needs into 
account. The two levels of rural development will be a basis of evaluation. A 
framework of an assessment system will be established according to this conclusion 
in the next chapter.  
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CHAPTER 4 FRAMEWORK OF BUILT 
ENVIRONMENTAL SUSTAINABILITY 
ASSESSMENT SYSTEM OF POOR 
RURAL AREAS OF SOUTHWEST 
CHINA  
4.1 Rural Built Environmental Sustainability Assessment 
System (RBESAS) 
In this chapter, the framework of a new assessment system for poor rural areas of 
Southwest China named Rural Built Environmental Sustainability Assessment 
System (RBESAS) will be established. As the name suggests, it is an assessment 
system to evaluate the sustainability of built environment of poor rural areas of 
southwest rural China.  
4.1.1 Aims of assessment  
The aims of RBESAS are: 
- To provide a comprehensive understanding of the built environmental 
sustainability of poor rural areas of Southwest China. 
- To provide issues and indicators of rural built environmental sustainability as a 
support document or design guidelines for rural developers and residents of poor 
rural areas of Southwest China.   
- To provide an assessment method and standard of built environmental 
sustainability for poor rural areas of Southwest China.   
- To raise the stakeholders’ awareness of built environmental sustainability and 
sustainable development. 
4.1.2 Scope of assessment 
In this study, the RBESAS was named ―built environmental sustainability 




assessment scope will be quite different from conventional building environmental 
assessment systems.  
According to Raymond Cole’s study, the scope of building environmental 









Figure 4.1 Three dimensions of environmental assessment 
 (Raymond J Cole, 1999) 
 Scale 
In this study, the scale of RBESAS is rural built environment rather than a single 
building. As mentioned before, the main issue of sustainable rural development is not 
only about building. It is more related to the economic and cultural issues. The scale 
of a single building in poor rural areas of Southwest China is relatively small. A 
single ―green building‖ in rural area cannot solve the problems of rural development. 
The built environment of rural areas should be considered as a whole. In this study, 
the built environment of poor rural areas of southwest rural China includes several 
components: 
- Buildings (residential buildings, public buildings, etc.) 
- Infrastructures (transport, communications, power supplies, water supplies, 
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markets, squares, landscape, etc.) 
- Production facilities (farmland, livestock pens, etc.) 
 Criteria 
The Criteria dimension references the extended set of considerations within 
environmental assessment, distinguishing between ecological concerns and human 
concerns. In this study, both of the two concerns should be taken into account. 
According to the two levels of rural development model mentioned before, the 
criteria of RBESAS could be divided into two parts: 
- Self-reliance capability: To meet basic human needs without over reliance in 
outside resources under existing bio-capacity, and at the same time, do not reduce 
the bio-capacity anymore.  
- Development capability: To increase the ecology of the environment, and to meet 
the needs of higher level of people’s life and development.  
Thus, the built environmental sustainability of poor rural settlement can be described 






Figure 4.2 Built environmental sustainability of poor rural areas 
 Time 
The time dimension is that explicitly covered with Life-Cycle Assessment 




within the building environmental assessment studies and practices. It is also applied 
to rural built environmental assessment in this study. For example, the environmental 
load from embodied energy to operation, repairing, and demolishing energy 
consumption should be all take into account.  
4.1.3 Structure and levels of the system 
According to the two levels of rural development model, the issues of RBESAS 
should be also divided to self-reliance capability issues and development capability 
issues. The element of rural built environment includes buildings (residential 
buildings, public buildings, etc.), infrastructures (transport, communications, power 
supplies, water supplies, markets, squares, landscape, etc.) and production facilities 
(farmland, livestock pens, etc.) The relationship between rural sustainability and 






Table 4.1 Sustainability and rural built environment element matrix 
According to the matrix of sustainable development and rural built environment 
element, an issues and indicators framework can be established. In this system, issues 
can be divided into two categories. Each issue includes a number of sub-issues. Each 
sub-issue could be quantify and evaluate according to one or several indicators 
(Figure 4.3).  
 
 
   
Rural built environment 






Biocapacity protection ● ● ● 
Self-reliance on basic 
human needs 
● ● ● 
Development 
capability 
Ecology improvement   ● ● 
Meet the psychological 
needs of human 








Figure 4.3 Levels of the system 
4.2 Self-reliance capability issues and indicators 
Self-reliance capability issues are relevant to the first level of rural built 
environmental sustainability, which means to achieve self-reliance in human basic  
needs resources, and at the same time, do not reduce the biocapacity.  
Biocapacity is the capacity of an area to provide resources and absorb wastes. To 
protect biocapacity, there are several key points should be concern:  
- Land and resources conservation 
- Waste management 
- Pollution control  
To meet human basic needs and achieve self-reliance in human basic needs materials, 
there are several key points should be concern according to the Maslow’s hierarchy 
of needs theory: 
- Food self-reliance 
- Water self-reliance 
- Housing self-reliance 
- Safety and security 






























- Energy self-reliance 
- Economy self-reliance 
Thus, the above 10 issues are the main issues of self-reliance capability. Each of the 
issue will be evaluate according several sub-issues and indicators as follows. 
4.2.1 Issue 1: Land and resources conservation 
Built environment has a footprint and a size that take up land and space. This land or 
space occupied the natural environment which helping to create and maintain an 
environment that supports life. Therefore, built environment should support 
sustainability by limiting development to sites which are sensitive in natural 
ecosystem, and working with nature by including natural ecosystems within the 
development. Several sub-issues should be evaluated: 
 Sub-issue 1.1: Sensitive areas conservation 
The assessment of this issue is to conserve the biocapacity by protecting the 
ecological value of the site in terms of habitat and biodiversity.  
As mentioned in 3.2.1, southwest rural China has fragile ecological environment. 
Habitat conservation is the most effective measures to minimize developmental 
impacts on the natural environment and endangered species. New developments in 
rural areas may destroy the natural environment of the habitats because rural area is 
more close to the natural environment, and the environmental awareness of villagers 
is relatively week in China.  
Therefore, this assessment system encourages the use of previously developed land 
in rural construction. If it is necessary to build a rural house or community on a new 
site, the site should not occupy the natural reserves and their buffer zones. And it 
should not occupy sensitive areas such as natural water system, wetland, and forest 
although it is not located around natural reserves.  
Evaluation indicators: whether the rural construction is located in new site is located 




whether any sensitive areas were destroyed or occupied during rural development.  
 Sub-issue 1.2: Agricultural land conservation  
The aim of assessment of this issue is to protect the farmland in order to ensure food 
supply and maintain the biocapacity.  
The area of farmland in southwest rural China is inadequate. In mountainous areas 
like poor rural areas of Southwest China, the cultivated area is relatively small 








Figure 4.4 Area of land managed by rural households at year-end by region (2009) 
Therefore, in order to preserve irreplaceable agricultural resources, the rural 
development should not occupy the basic farmland.  
Evaluation indicators: whether basic farmland were destroyed or occupied during 
rural development.  
4.2.2 Issue 2: Waste management 
Built environment accommodates activities that produce large amounts of waste. 
Limiting waste in built environment’s life-cycle reduces corresponding 
environmental loadings and negative impact of biocapacity. In the poor rural areas of 
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Southwest China where the villages distributed scattered and transportation facilities 
are insufficient, the management of waste has became a significant problem. It is 
difficult to collect and treat waste of scattered villages in central treatment and 
disposal facilities. Therefore, it is better to treat waste in the village as much as 
possible. There are three methods of waste disposal: landfill, incineration and 
recycling. Rural waste should be classified and treated with an appropriate method. 
Several sub-issues should be evaluated: 
 Sub-issue 2.1: Construction and demolition waste management 
The objective of assessment of this sub-issue is to encourage best practices in the 
management of built environment construction and demolition waste, in order to 
reduce environmental loadings of rural construction and demolition and avoid 
biocapacity reduction.  
In rural construction, the fragile ecological environment in rural areas cannot digest 
too much construction waste. The construction waste should be collected and 
recycled as much as possible. For example, waste generated by the carpentry work 
can be used as fuel; broken brick can be used as site backfill material. And the rest of 
the construction waste which cannot be recycled should also be treated carefully in 
order to reduce the environmental loadings.  
On the other hand, rural residents often build new houses on a new site during the 
rural redevelopment, and the original houses have become dilapidated buildings with 
poor management. For example, during the post earthquake reconstruction, a huge 
number of buildings became ruins. Many of them have not been properly treated. It 
caused a huge waste of materials and lands. At the end of a building’s life cycle, the 
building should be demolished, and the site should be either reuse for construction or 
restored to farmland or natural vegetation. Then the building materials should be 
recycled as much as possible. And the rest of the demolition waste which cannot be 
recycled should also be treated carefully in order to reduce the environmental 
loadings. 
Evaluation indicators: whether the appropriate classification and treatment of 
construction and demolition waste was implemented; the percentage of waste landfill, 
incineration and recycling.  
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 Sub-issue 2.2: Operational waste management 
The objective of assessment of this sub-issue is to encourage appropriate waste 
treatment in rural community, in order to reduce environmental loadings of rural 
daily life and avoid biocapacity reduction.                 
The traditional operational wastes of rural villages are mainly organic waste such as 
kitchen waste and night soil. These wastes are biodegradable, and some of them can 
be used as fertilizer and livestock feed. However, during the development of rural 
area, the amount of non-degradable and toxic waste is increasing rapidly. Due to 
poor infrastructure and low level of awareness, most of the rural residents didn’t 
implement waste classification treatment. The waste pollution is increased in 
southwest rural China. To solve this problem, an operation waste management plan 
and guide should be provided to rural residents. And appropriate waste disposal 
facilities should be build in rural community. Waste classification treatment should 
be implemented and promoted in rural areas.  
Evaluation indicators: whether appropriate waste disposal facilities have been built in 
rural areas; whether appropriate classification and treatment of operational waste was 
implemented, and the percentage of waste landfill, incineration and recycling.  
4.2.3 Issue 3: Pollution control 
Pollution of water resources, land and air made the environment becomes 
uninhabitable and reduce the biocapacity. These pollutions should be recognized in 
this assessment system. Several sub-issues should be evaluated: 
 Sub-issue 3.1: Pollution-free construction and demolition 
The objective of assessment of this sub-issue is to minimize the construction and 
demolition pollution, in order to minimize the impact and environmental loadings of 
rural construction and demolition and avoid biocapacity reduction.                                       
The traditional rural construction and demolition was generally finished by rural 
residents themselves. They are usually not in accordance with certain construction 
specifications. During rural development, industrialized materials such as cement, 
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paints, coatings, and asphalt were increasingly used in rural construction. The 
consequent pollution is also increased. For example, in construction period, dust 
generated from the site is the main sources of air pollution. Carpentry brings noise 
pollution. Improperly using and keeping of lime and cement will pollute the land and 
water. In demolition stage, the randomly stacking of demolition waste will occupy 
rural land. Toxic substances released from the decomposition of paints, coatings, and 
asphalt will pollute water and land. These pollutions are difficult to reverse and 
eliminate (Fan Kui, Jiang Yuchuan et al., 2012). Therefore, during rural community 
construction and demolition, the air pollution, noise, water and land pollution should 
be controlled in poor rural areas of Southwest China.  
Evaluation indicators: whether there are air pollution, noise, water and land pollution 
during the construction and demolition process. 
 Sub-issue 3.2: Pollution-free agriculture 
This sub-issue aims to minimize the use of chemical fertilizers, pesticides, herbicides, 
plastic film and other chemicals and non-degradable substance, in order to minimize 
air, water and land pollutions and protect biocapacity. 
In southwest rural China, the abuse of chemical fertilizers, pesticides, herbicides, 
plastic film and other chemicals and non-degradable substance is a common problem. 
It will cause water and land pollution, damage of ecological balance, and other 
environmental problems. For example, the consumption of chemical fertilizers of 
China is highest in the world. At the same time, the utilization rate of fertilizer is 
relatively low, and the turnover rate of fertilizer is relatively high. More than 10% of 
China’s farmland has been polluted by chemical fertilizers and pesticides (Shi Zihan, 
2011). In recent years, the consumption of plastic film in rural China is increasing 
rapidly (Figure 4.5). The amount of the agricultural plastic film consumption in 
China is 1.15 million tons which is the highest in the world. Most of them are 
non-degradable. At the same time, more than 60% of them are left in the soil without 
any treatment. These toxic substances which released from these plastic films will 
also pollute water and land in rural area and threat to human health (Deng Shouming, 









Figure 4.5 The cover area used with agricultural plastic film from 1980 to 2009 
(Deng Shouming, Li Ting, et al., 2010).  
Therefore, this system requires a strictly control of the use of chemicals and 
non-degradable substance. For example: 
- Provide measures to avoid water and land pollution caused by pesticide. 
- Provide measures to avoid pollution caused by viruses carried by livestock. 
- Provide measures to avoid air pollution caused by burning of straw and 
agricultural film. 
- Non-degradable agricultural plastic film should be recycled or replaced with 
biodegradable materials.  
Evaluation indicators: percentage of the land area which use toxic chemicals and 
non-degradable substance; percentage of non-degradable substance recycling in 
agricultural production; whether there is air pollution caused by burning of straw and 
agricultural film. 
4.2.4 Issue 4: Food self-reliance  
To meet the basic human need of food without over reliance on outside supplying, 
poor rural community should create a more localized approach to food with 
sustainable food production and resident access to high-quality foods. To achieve 
food self-reliance, the food should be both produced and consumed in rural 
settlement, and diversified food productions should be provided in rural settlement. 




 Sub-issue 4.1: Local food production 
This sub-issue aims to encourage food production locally in order to improve food 
self-reliance of a village, avoid too much reliance on outside food supply, reduce 
energy consumption of food transportation, and improve local economy.   
In poor rural areas of Southwest China, food security issues become increasingly 
prominent. In a study on food consumption of China’s poor rural areas, poor counties 
of 21 provinces in China were analyzed and divided into three levels according to 
their food supply capacity, food availability, food utilization conditions, food 
consumption and food supply vulnerability. In the first level, the food supply 
capacity and availability are relatively high; food utilization conditions are relatively 
good. In these areas, food safety is basically secured. Provinces in the second level 
have a medium level of food supply capacity and food consumption. But the food 
availability and food utilization conditions are poor. Food safety of these areas is 
needed to be improved. In the third level, all of these indicators above mentioned are 
relatively poor. These areas have food safety problems. In Southwest China, 
Chongqing is in the first level, Sichuan is in the second level, Yunnan and Guizhou 
























Table 4.2 Cluster analysis results of poor counties of 21 provinces in China 
(Bi Jieying, 2010). 
Therefore, local food supply in most of poor areas of southwest rural China is not 
adequate. Appropriate site, based on the local hydrological, soil and microclimatic 
conditions, should be allocated for food production. At the same time, a public space 
such as a weekly market should be allocated for food sale, distribution or exchange 
and celebration.  
Evaluation indicators: percentage of village produced food in village food 
consuming.  
 Sub-issue 4.2: Diversified farming 











Anhui 7 4 5 7 1 
Chongqing 11 8 12 3 1 
Jiangxi 13 6 6 2 1 
Henan 1 1 2 6 1 
Hebei 4 3 1 9 1 
Heilongjiang 3 13 3 4 1 
Jilin 6 7 4 1 1 
Sichuan 5 16 21 5 2 
Hunan 10 19 13 8 2 
Hubei 8 12 16 11 2 
Xinjiang 9 5 15 13 2 
Inner 
Mongolia 
1 15 10 14 2 
Shannxi 11 9 8 19 3 
Hainan 15 1 9 18 3 
Guangxi 16 18 7 15 3 
Ningxia 21 20 16 10 3 
Yunnan 17 21 10 12 3 
Guizhou 20 16 20 15 3 
Gansu 18 14 14 20 3 
Qinghai 14 9 16 21 3 




of outside food supplying and achieve food self-reliance. 
Diversified farming is one of a significant strategy to achieve food self-reliance. 
Diversification of agriculture refers to the shift from the regional dominance of one 
crop to regional production of a number of crops, to meet ever increasing demand for 
meat, cereals, pulses, vegetables, fruits, oilseeds, fodder and grasses, etc. There are 
several advantages of diversified farming. First of all, it ensures steady utilization of 
farm labor throughout the year. Land can be used more economically and without 
loss of fertility. Soil fertility is kept intact. It also reduces the necessity of leaving the 
land fallow. Secondly, diversified farming ensures a regular flow of returns as 
different enterprises mature at different times of the year. Thirdly, farmers with no 
training can safely start diversified farming. Diversified farming helps in absorbing a 
larger volume of labor force and sustaining a larger population (TARAhaat, 2007). 
To ensure food self-reliance, this sub-issue should be recognized in this assessment 
system.  
The evaluation of diversified farming is a complex issue. One of the evaluation 
methods is using agricultural biodiversity measurement index. This index system was 
established based on the shannon-wiener index and hierarchical diversity model. The 
species diversity indices can be calculated according to this model. (Zhang Dan, 
Cheng Shengkui et al., 2010). However, the calculation of this index is relatively 
complex. A simple method is to identify a benchmark of the percentage of different 
kind of crop, livestock and poultry, such as a benchmark of the percentage of meat, 
cereals, pulses, vegetables, fruits, oilseeds, fodder and grasses. The benchmark of 
this item needs to be identified in further study.  
Evaluation indicators: the species diversity indices of a village or a percentage of 
meat, cereals, pulses, vegetables, fruits, oilseeds, fodder and grasses in a village. 
4.2.5 Issue 5: Water self-reliance 
Water is required for many human activities. But the large-scale provision of 
conventional water supply has many environmental implications. In poor rural areas 
of southwest rural China, water can only be got from local water resources such as 
rivers, lakes, rainwater, etc. To meet the human basic need of water without over 
reliance on outside supplying, rural settlement should improve local water supplying 
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facilities to ensure water quality, and reduce the use of water in agriculture and daily 
life. Several sub-issues should be taken into account. 
 Sub-issue 5.1 Water quality 
The objective of assessment of this issue is to ensure that the quality of potable water 
delivered to building users is satisfactory, in order to ensure water self-reliance and 
human health.  
Rural residents usually get domestic water directly from natural water such as rivers. 
But the quality of natural water is unstable; it is always affected by climate or some 
other factors. For example, the river will become turbid in rainy season, and in dry 
season, some rivers will dry up. Therefore, it is necessary to develop water storage 
and supply system such as water cellar in rural community to provide stable and 
clean water. Water should be collected, purified, and then supplied to each household. 
Besides, the water supply system should be cleaned and maintained regularly.  
According to the Guidelines for Implementation the ―Sanitary standard for Drinking 
Water‖ in Rural Areas (Ministry of health of the people's republic of China, 1991), 
the quality the water which can be used as drinking water source in rural areas can be 
divided into three grades (Table 4.3). Generally, quality of water source in rural 
community should be not lower than grade 2. Grade 3 is acceptable in some special 
























Table 4.3 Rural drinking water quality 
 (Ministry of health of the people's republic of China, 1991) 
Evaluation indicators: whether the water quality can meet the Guidelines for 
Implementation the ―Sanitary standard for Drinking Water‖ in Rural Areas, and 
whether the water can be got by rural residents conveniently.  
 Sub-issue 5.2 Water efficient irrigation 
The objective of assessment of this issue is to avoid water wasting during the 
irrigation of farmland in rural areas, in order to reduce water consumption and 
achieve water self-reliance.  
 














































3 and not more 
than 5 in special 
cases  
10 20 







pH 6.5-8.5 6-9 6-9 
Total hardness（mg/L CaCo3 value） 450 550 700 
Fe (mg/L) 0.3 0.5 1.0 
Mn (mg/L) 0.1 0.3 0.5 
Chloride (mg/L) 250 300 450 
Sulphate (mg/L) 250 300 400 
















r Fluoride (mg/L) 1.0 1.2 1.5 
As (mg/L) 0.05 0.05 0.05 
Hg (mg/L) 0.001 0.001 0.001 
Cd (mg/L) 0.01 0.01 0.01 
Cr (VI)(mg/L) 0.05 0.05 0.05 
Pb (mg/L) 0.05 0.05 0.05 














Total number of bacteria/ml 100 200 500 
Amount of total colibacillus/L 3 11 27 
Free residual chlorine （mg/L)(finished 
water) 
≥0.3 ≥0.3 ≥0.3 




In existing building environmental assessment systems for urban area, the main 
target of water efficient irrigation is vegetation within the building environment such 
as landscape and private plot. But in the built environment of poor rural areas of 
Southwest China, landscape vegetation does not need special maintenance and 
irrigation. Irrigation of farm land accounted for a large part of the water consumption. 
In Southwest China, more than 70% of water consumption is agricultural water. And 
more than 90% of agricultural water is used for irrigation. However, the irrigation 
water using efficiency in China is only 45% (Cheng Genwei, 2000). Currently, there 
are varying degrees of water shortage in Southwest China (Table 4.4). Water-saving 







Table 4.4 Water resource balance of the three provinces in southwestern China (2010) 
 (Cheng Genwei, 2000) 
Therefore, it is necessary to implement water-saving agriculture in poor rural areas of 
Southwest China. There are several water efficient irrigation strategies which can be 
used in rural areas: 
- Construction of water storage projects to increase irrigation water resources. 
- Intercept stormwater for irrigation in sloping land. 
- Canal seepage control 
- Utilization of water-saving irrigation technique 
- Utilization of ridge culture technology (Zhu Zhongling & Zhao Xiejing, 2001) 
Area 
 Assurance 
rate P (%) 
Total water 
requirements (One 
hundred million cubic 
meters)  
Available water 
supply (One hundred 





75 551.9 585.1 4.2 
90 591.0 564.5 10.6 
Yunnan 
75 201.7 152.4 2.6 
90 250.5 151.1 2.2 
Guizhou  
75 119.9 124.3 3.0 




Evaluation indicators: whether appropriate water efficient irrigation strategies were 
implemented; percentage of water efficient irrigation area.  
 Sub-issue 5.3 Water efficient buildings and appliance 
The objective of assessment of this issue is to encourage the utilization of water 
efficient building design strategies and appliance in order to reduce water 
consumption and achieve water self-reliance. 
Water use in toilet, washing machines, etc. can be a substantial part of consumption 
of fresh water. Water efficient buildings means that the water-saving consideration 
has been included in building design. For example, the urine diverting eco-toilet does 
not require water flush. This type of dry latrine is suitable for rural area (Chen Li & 
Wei Bo, 2005). Besides, select water efficient equipment can also reduce water 
consumption directly. Areas where conditions permit could use water efficient 
appliance such as water-saving taps and washing machines.  
Evaluation indicators: whether appropriate water efficient design and appliance were 
implemented.  
 Sub-issue 5.4 Water reuse 
The objective of assessment of this issue is to encourage the reuse of grey water in 
order to reduce water consumption in rural areas and achieve water self-reliance. 
Grey water recycling system is one which collects grey water for treatment and 
distributes the treated water to the points of use, such as for irrigation and cleaning. 
Recycling of grey water not only helps to reduce the demand for potable water 
supply, but also provides a reliable source in case of supply interruptions. As 
mentioned in 3.1.1, in some areas of Southwest China, the temporal distribution of 
water resources is uneven. Collect rain water in the rainy season is an effective 
solution of water shortages in the dry season. Thus, collection and utilization of 
rainwater is one of the suitable water re-use strategies in southwest rural China. 
Besides, re-use of gray water is also a significant water-saving method. This 
sub-issue should be evaluated in this assessment system. 
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Evaluation indicator: percentage of reused water in total water consumption.  
4.2.6 Issue 6: Housing self-reliance  
The housing self-reliance means to meet human’s being sheltered and warmth need 
without over reliance on outside resources. To achieve housing self-reliance, built 
environment should be built with regional materials as many as possible, materials 
should be used efficiently, and the indoor environmental quality should achieve 
certain comfort level. Besides, the houses should be affordable for poor rural 
residents. The sub-issues of energy self-reliance are as follows: 
 Sub-issue 6.1: Regional materials 
The objective of assessment of this issue is to encourage the use of materials 
manufactured locally in order to reduce the environmental impacts arising from 
transportation, and support local economy as well. Due to the reduced transportation 
costs, the locally manufactured materials are more cost effective. At the same time, 
the support of local manufacturers and labor forces contributes to the local economy.  
Some of the existing building environmental assessment system use transportation 
distance as an evaluation index of regional materials. But in poor rural areas of 
southwest rural China with mountainous terrain and inconvenient transportation 
facilities, transportation energy consumption will be higher than urban areas in the 
same distance. And different transportation method has different energy consumption 
in the same distance. Therefore, transportation distance cannot be an evaluation 
index of this sub-issue. Another reasonable index is the percentage of transportation 
energy consumption in materials’ embodied energy, or more simply, use the 
percentage of transportation cost in materials’ cost as the evaluation index to roughly 
estimate the energy consumption.  
Evaluation indicators: percentage of transportation energy consumption in materials’ 
embodied energy, or the percentage of transportation cost in materials’ cost. 
 Sub-issue 6.2: Efficient use of materials 
The objective of assessment of this issue is to reduce the resource and energy 
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consumption and pollution of construction materials production and transportation, 
in order to ensure housing self-reliance.  
Efficient use of materials includes two main strategies: reuse of buildings or 
materials and increase the durability of buildings. 
Obviously, reuse existing building instead could reduce materials consumption 
directly. It is also contribute to environmental protection and energy conservation. 
And there is a potential to lower building costs and provide a mix of desirable 
building characteristics. In southwest rural China, people also reuse the old houses as 
storage space or livestock pens instead of removing them.  
Lots of the waste materials and industrial by-products can be used in building 
construction. Encourage the use of recycled materials can reduce the consumption of 
virgin resources. In New Countryside Construction and specially post earthquake 
reconstruction, recycled materials are economical and practical building materials. 
There are many opportunities for using recycled materials in structural and 
non-structural elements of buildings and the surrounding site works.  
Extend the service life of structural frame materials can extend the life of the 
buildings, thus, improve the efficiency of building materials. Traditional vernacular 
buildings in southwest rural China always need regularly repair and maintenance. 
For example, most of the rammed earth walls have a protected layer made of grass 
and mud. This layer needs to be repaired or re-apply every several years. Different 
from the commercial buildings in urban areas, this kind of building maintenance 
require less energy consumption and is easy to do by local people. This can be seen 
as a part of traditional natural rural life. In assessment of materials’ durability, this 
kind of the building envelop is not the emphasis. The evaluation of durability in rural 
area should focus on the structural materials. The structural materials should be 
selected carefully and well treated by preservative.    
Evaluation indicators: percentage of reused building; percentage of recycled 
materials; service life of building structure.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
 Sub-issue 6.3: Indoor environmental quality  
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The objective of assessment of this issue is to improve the residential environment 
quality in poor rural areas of Southwest China in order to meet the physiological 
needs of rural residents.  
The quality of building environment is one of significant human basic needs in built 
environment. It has been shown to have a direct impact on health, happiness, and 
productivity of people. Poor indoor environmental quality is one of the main reasons 
of eliminating traditional vernacular houses in southwest rural China. But it can be 
greatly enhanced through simple design and renovation. The most sustainable 
strategy of rural reconstruction is renovation of traditional vernacular building rather 
than replacing it with industrialized building. Occupant comfort is reliant on a 
number of factors: 
- Indoor thermal comfort 
As mentioned before, the thermal comfort zone of rural area should be wider and 
more flexible than urban standard because most of the rural houses didn’t have air 
conditioner, and the indoor temperature is dynamic in a naturally ventilated room. 
An ―adaptive model‖ of thermal comfort embraces the notion that people play an 
instrumental role in creating their own thermal preferences. The factors of adaptive 
model of thermal comfort can include demographics (gender, age, economic status), 
context (building design, building function, season, climate, semantics, social 
conditioning), and cognition (attitude, preference, and expectations). Generally, there 
are three components of people’s adaptation to indoor climate: behavioral adjustment, 















Figure 4.6 The three components of adaptation to indoor climate 
 (Richard de Dear, Gail Brager et al., 1997). 
There are several studies relevant to indoor thermal comfort zone for naturally 
ventilated building. For example, Shen Chou studied the indoor thermal comfort of 
naturally ventilated rural houses (Shen Chou, 2011). And Liu Jing investigated the 
indoor thermal environment and human thermal comfort in naturally ventilated 
building in summer-hot and winter-cold zone (Liu Jing, 2007). In Professor Edward 
Ng’s study, in the hot and humid summer, the comfort temperature in naturally 
ventilated buildings could be much higher in the case of wind (Vicky Cheng & 
Edward Ng, 2006). Therefore, the thermal comfort zone of southwest rural buildings 
should be defined carefully according to the local climate and residents. Different 
temperature zones should be provided for different climate zone in Southwest China. 
Other indicators such as PMV have been introduced to evaluate the naturally 
ventilated buildings.    
Evaluation indicator: whether the indoor temperature can reach the comfort zone of 
PMV, or the comfort zone of local people through investigation and survey. 
- Indoor air quality 
There are several problems of indoor air quality in poor rural areas of Southwest 
China. The main problem is air pollution caused by burning coal and firewood for 
cooking and heating. And some toxic substances such as HCHO released from the 
interior decoration materials is another problem. Rural residents should solve these 
problems through various methods such as kitchen range improving or using biogas 
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instead of coal and firewood. This index should be recognized in this assessment 
system. The Indoor Air Quality Standard in China can be used as a reference 
(AQSIQ, MOH et al., 2002).  
Evaluation indicator: the concentration of pollutants in the air. 
- Indoor ventilation 
Some of the traditional vernacular buildings in southwest rural China are ill 
ventilated. For example, the Qionglong building and some rammed earth building 
has enclosed space with small openings due to the need of defense or the limitations 
of technology. Improving indoor ventilation can greatly improve the indoor 
environmental quality. Rural building should be properly designed with appropriate 
openings and adequate natural ventilation. Therefore, this indicator should be 
recognized in this assessment system. 
Evaluation indicator: percentage of floor area which has cross ventilation.  
- Daylighting and illumination 
Access to daylight is an important strategy to promote the building occupants’ 
comfort and health. At the same time, it could reduce the energy consumption of 
artificial lighting. As mentioned before, some of the traditional vernacular buildings 
in southwest rural China have enclosed space with small openings due to the need of 
defense or limitations of technology. Thus, the daylight of the rooms is inadequate. 
For a healthy and sustainable reasons, daylighting and illumination index should be 
recognized in this assessment system. Relevant standards have been established in 
China (MOHRUD & AQSIQ, 2006) (MOHURD & AQSIQ, 2001).  
Evaluation indicator: daylight factor of main rooms.  
- Noise and acoustics 
The building envelops and partition wall should have appropriate sound insulation 
and noise reduction treatment. The noise isolation between outside and rooms and 
between floors should meet the prescribed criteria.  
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Evaluation indicators: percentage of occupied spaces where external/internal/ 
reverberation noise does not impinge on normal conversation. 
 Sub-issue 6.4: Housing affordability 
The objective of assessment of this issue is to match the rural construction and 
operation cost to the local per capita income in poor rural areas of Southwest China, 
in order to reduce the economic pressure from housing and meet the safety needs of 
rural residents. 
Housing affordability is a crucial issue of housing self-reliance of poor rural areas of 
Southwest China. The housing consumption can be divided into construction cost 
and operation cost. To identify the affordable construction cost according to the local 
income, one of the measures is to find out the house price to income ratio which is 
the ratio of average or median house prices to average or median gross or disposable 
income in a given geographical area (HIA Economics Group, 2010). In rural area, 
most of the residential building is built by villagers rather than real estate developers. 
Therefore, the house prices could be instead by construction cost. Andrew Hamer 
from Word Bank suggested that a reasonable house price to income ratio is 3-6. But 
in some of the villages of southwest rural China which has a per capita income of 
around 2000 Yuan, the construction cost of a new rural house is around 1000 
Yuan/m
2
. According to the National Bureau of Statistics, the per capita living space 
of southwest rural China is about 30 m
2
. Thus the house price to income ratio is 15 
which is too much higher than affordable. In a sustainable rural community, the 
construction cost of house should be matched with the villagers’ income level.  
On the other hand, during the life-cycle of a building environment, a great proportion 
of economic consumption is operation cost. Reduce the operation cost can also 
improve the housing affordability. The operating cost includes several components. 
Firstly, daily cost such as lighting, cooling and heating can be limited through 
planning and design. Use passive design in rural areas is a simple and effective 
method to reduce the operation cost of active systems. Secondly, Maintenance and 
repairs cost can be reduced by keeping it easy and safe.  




4.2.7 Issue 7: Safety and security 
This safety and security issue is one of a content of generalized human safety need. 
Providing a safe and security built environment contributes to sustainability by 
avoiding the social, environmental and economic cost of disasters and risks. The 
strategies to keep built environmental safety and security are, firstly, choose a safe 
location to build the village, and secondly, to design the built environment with a 
safety and security notion. The sub-issues of safety and security are as follows: 
 Sub-issue 7.1 Settlements’ location 
The objective of assessment of this sub-issue is to ensure that the built environment 
is located in safe place, in order to avoid potential risks of rural community and meet 
the personal security needs of rural residents. 
As mentioned 3.1.1, Southwest China is an area with frequent natural disasters. The 
choice of settlements’ locations should avoid flooding, toxic substances, landslide, 
debris flow, and other possible risks. These potential risks should be recognized in 
this assessment system. 
Evaluation indicators: whether the rural settlement is located in a safe place without 
potential risks such as flooding, toxic substances, landslide, debris flow, and other 
possible risks.  
 Sub-issue 7.2: Safety and security design 
The objective of assessment of this sub-issue is to ensure that safety and security 
demand has been considered in building design, in order to avoid potential risks and 
meet the personal security needs of rural residents. 
In the poor rural areas of Southwest China, lots of communities have security risks 
due to poor safety awareness of residents. For example, the traditional stilt style 
building and cross-timer log construction in southwest rural China is mainly built 
with wood and timber which have a relatively higher fire risk. The rammed earth 
building and Qionglong building in southwest rural China have relatively poor 
seismic performance. To provide a safe and secure environment for the community’s 
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occupants, rural community should minimize risks of occupants and facilities from 
fire, earthquake, theft, and other possible risks through an appropriate built 
environment design. The community should have a safety and security layout plan. 
Fire protection and anti-seismic design should be applied according to local seismic 
protection requirement and fire protection requirement. Emergency-response plan 
and relevant publicity and education work should be prepared and implemented. 
Evaluation indicators: whether the rural built environment was appropriately 
designed to avoid fire, earthquake, theft, and other possible risks; whether 
emergency-response plan has been implemented.  
4.2.8 Issue 8: Health and well-being  
Health and well-being is one of human safety needs which should be considered by 
built environment. At the same time, providing a healthy built environment 
contributes to sustainability by reducing the social, environmental and economic cost 
of ill. The sub-issues of health and well-being are as follows: 
 Sub-issue 8.1: Living environmental sanitation 
The objective of assessment of this issue is to ensure that the quality of the 
environmental sanitation is satisfactory, in order to avoid illness caused by bacterial 
and viral.  
The environmental sanitation problem is a common problem in southwest rural 
China. For example, in some of the courtyard houses and Qionglong buildings, 
livestock share a courtyard space with residents. The poultry and livestock are 
scattered-feed rather than captive so that the activities of animals increased the 
opportunities for bacteria and disease spreading. In other cases, the poor toilet 
environment leads to the breeding of mosquitoes and flies which also spread bacteria 
and disease. In order to develop a healthy environment, rural residents should 
separate the living space of human and livestock, and use bio-gas or eco-toilet 
instead of the traditional pit privy. 
Evaluation indicators: percentage of the livestock which are enclosed and separated 
from human living spaces; percentage of bio-gas and eco-toilet.  
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 Sub-issue 8.2: Community basic services  
The objective of assessment of this issue is to encourage the rural community to 
provide enough community basic service facilities in order to improve the efficiency 
and quality of living in rural areas. 
There are several basic service facilities which are significant in rural communities: 
- Medical facility 
- Kindergarten / day care centre 
- Library / study room 
- Retail shops 
- Administration 
- Place for worship 
In poor rural areas of Southwest China, most villages have administration facilities. 
But there is a serious shortage in the rest of the amenities above mentioned (YU Jing 
& CAI Wenting, 2012). Currently, some rural communities in China start to build 
village center which provides some basic community services such as clinic. But the 
occupied frequency of these village centers is relatively low since the simple 
function and poor management. The public buildings in rural areas should be 
multifunctional and properly managed by villager themselves.  
Evaluation indicators: number of amenities above mentioned which villagers can go 
and back within half a day. 
 Sub-issue 8.3: Community recreational facilities and open spaces 
The objective of assessment of this issue is to encourage the rural community 
provide a variety of recreational facilities and open spaces for outdoor recreation and 
communication activities in order to improve the physical and mental health of the 
rural residents and social capital. 
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Recreational facilities Open space 
－Shaded/covered sitting out areas －Public square 
－Public outdoor sports facility such as －Landscaped areas 
basketball court, table tennis court, etc. for recreation 
 
The recreational facilities and open space of southwest rural China are always 
inadequate. This problem leads to a lack of entertainment activities in rural 
communities (Li Xiao & Zhang shanshan, 2012). Provide building occupants and 
users with recreational public open spaces can encourage active lifestyles and 
promote the mental and physical well-being of the individual and the community as a 
whole. The outdoor spaces should be programmed to encourage activity, including 
daily life, sport and recreation.  
To ensure that a neighborhood’s cultural amenities and community facilities are 
accessible to the greater population, affording social connectivity, interaction and 
shared public benefit of community resources, more recreational facilities and open 
spaces should be provided to rural communities. The following recreational facilities 




Table 4.5 Basic Recreational facilities and open space can be provided to rural communities 
Evaluation indicators: the number of each kind of recreational facilities and open 
spaces which villagers can go and back within half a day. 
4.2.9 Issue 9: Energy self-reliance 
Nowadays, energy security has become one of the significant factors of human safety 
needs. Built environment consumes a large amount of energy. Conventional energy 
production caused a large contribution to environmental damage and non-renewable 
resource depletion. The transportation facility of commercial energy in poor rural 
area also consumed a large amount of manpower, resources and money. The energy 
price in rural area has been higher than urban area; it is hardly affordable in poor 
rural areas of Southwest China. Therefore, using less energy or using local and 




There are three main strategies of energy self-reliance in poor rural areas of 
Southwest China. The first one is to minimize the embodied energy of materials. The 
second one is to minimize the use of energy through appropriate building design and 
appliance selection. The third one is to increase the proportion of local and 
renewable energy in total energy consumption. The sub-issues of energy self-reliance 
are as follows: 
 Sub-issue 9.1: Embodied energy of materials 
The objective of assessment of this issue is to reduce the energy consumption during 
the production of construction materials, in order to reduce the energy consumption 
of building’s life cycle and ensure energy security of rural areas. 
Embodied energy is defined as the sum of energy inputs (fuels/power, materials, 
human resources etc) that was used in the work to make any product, from the point 
of extraction and refining materials, bringing it to market, and disposal / re-purposing 
of it (Wikipedia, 2011a). There are two ways to define the embodied energy. The 
first one is Gross Energy Requirement which includes the total energy consumption 
of a material throughout the life cycle. It is very difficult to evaluate. The second one 
is Process Energy Requirement which relevant to the production process of a 
material. In other words, the energy consumption during the transportation from 
market to construction site is not includes in this definition. This definition is easier 
to evaluate, most embodied energy evaluation of existing building environmental 
assessment systems are using this definition (Yang Juguang, 2004). In this study, 
transportation energy consumption has been evaluated in housing self-reliance issue. 
This issue will also take the second definition. 
The development of database of materials’ embodied energy is mainly focusing on 
industrialized building materials. Some of the rural and natural materials’ embodied 
energy is difficult to calculate, and vary in different place. But generally speaking, 
the more complex the production processing is, the higher the embodied energy is. 
And sometimes, the higher the price of the material is, the higher the embodied 
energy is. For example, the raw materials such as rammed earth, which could be used 
directly in building construction without complex machining processes, has much 
less embodied energy than industrialized building materials such as concrete. And 
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rapidly renewable materials such as bamboo have lower embodied energy. Thus, this 
sub-issue is to encourage the use of raw and natural materials, cheap materials, and 
rapidly renewable materials. 
Evaluation indicators: percentage of low embodied energy materials in total 
construction materials.  
 Sub-issue 9.2: Energy efficient buildings and appliance 
The objective of assessment of this issue is to reduce building energy consumption 
and cost of operation stage, in order to ensure energy security of rural areas and 
reduce economic pressure of rural residents.  
Energy efficient building means a building designed to make full use of solar energy 
and other environmental sources based on local climate, and tries to achieve well 
indoor environmental quality without extra energy consumption. In poor rural areas 
of Southwest China, bio-climate designed buildings are the main energy efficient 
buildings. Lots of traditional vernacular buildings integrated bio-climate design very 
well. In southwest rural China, the most significant point of this sub-issue is that, a 
good passive design not means to use passive strategies as much as possible, but to 
chose most appropriate and effective strategies according to the local climate and 
natural conditions. Therefore, the local climate conditions should be analyzed in the 
beginning. Then, different strategies contribution to energy saving can be evaluated.  
As mentioned before, Southwest China has 8 different climate zones. Each of them 
has distinctive climate conditions which will directly influence the choosing of 
passive design strategies. According to the analyzing of climate statistics of 
representative cities in each climate zone, appropriate passive design strategies for 
each climate zone can be identified. In a similar study, bioclimatic charts were used 
to identify appropriate passive design strategies of different area. The simplest form 
of the local climatic representation uses 12 monthly climatic lines superimposed the 
comfort zone shown on the psychrometric chart. The two end-points of each of the 
12 climatic lines are given by the mean minimum temperature coincident with the 
mean value of the corresponding relative humidity and the mean maximum 
temperature again coincident with the mean value of the corresponding relative 
humidity. The extent of the area covered by the 12 climatic lines in relation to the 
94 
 
comfort zone can give a good indication of the prevailing climatic conditions during 
each of the 12 months presented and the extent of the likely environmental control 
problem envisaged as well as any appropriate design solution that can be 
considered.(Liu Yang, Joseph C Lam et al., 2005). In this study, one to two 
representative cities or counties of each climate zone were chose and analyzed to find 
out appropriate design solutions for each climate zone (Figure 4.8). Five year 









Figure 4.7 Representative cities or counties chosen in each climate zone 
The bioclimatic charts of each climatic zone are as follows: 
















Figure 4.8 Bioclimatic chart of Menglian 
Figure 4.9 indicates that in Zone I of Southwest China, the weather is warm and 
humid. The most significant bio-climate building design strategy is passive solar 
heating and natural ventilation. Thermal mass also can be used sometimes.  




















Figure 4.10 Bioclimatic chart of Lincang 
Figure 4.10 and Figure 4.11 show that, in Zone II, the weather is warm but a litter bit 
colder than Zone I. The most significant bio-climate building design strategy is 
passive solar heating. Thermal mass also can be used sometimes. 






















Figure 4.12 Bioclimatic chart of Nanchong 
According to Figure 4.12 and Figure 4.13, the weather in Zone III is hot in summer 
and cold in winter, the temperature range is quite large, and the humidity is high all 
the year round. The most significant bio-climate building design strategy is passive 
solar heating and natural ventilation. Thermal mass also can be used sometimes. 
Conventional heating and conventional air-conditioning is also needed in cold winter 
and hot summer.  




















Figure 4.14 Bioclimatic chart of Wanyuan 
Figure 4.14 and Figure 4.15 shows that, in Zone IV, the weather of different cities 
have some minor differences. But generally, the weather is hot in summer and cold 
in winter, and the humidity is relatively high. The most significant bio-climate 
building design strategy is passive solar heating. Natural ventilation and thermal 
mass also can be used sometimes. Conventional heating is also needed in cold 
winter.  













Figure 4.16 indicates that Zone V has a temperate climate. The most significant 
bio-climate building design strategy is passive solar heating. Thermal mass and 
conventional heating also can be used sometimes.  








Figure 4.16 Bioclimatic chart of Jiulong 
Figure 4.17 shows that, Zone VI is cold in winter. The most significant bio-climate 
building design strategy is passive solar heating and conventional heating.  



























Figure 4.18 Bioclimatic chart of Ma’erkang 
According to Figure 4.18 and Figure 4.19, Zone VII is also cold in winter. The most 
significant bio-climate building design strategy is passive solar heating and 
conventional heating.  












Figure 4.19 Bioclimatic chart of Shiqu 
Figure 4.20 shows that, Zone VIII is even colder than Zone VII. The most significant 
bio-climate building design strategy is also passive solar heating and conventional 
heating.  
After the above analyze, the appropriate bio-climate design strategies of different 




Bio-climate design strategies 
(I) Conventional 
heating 










I   ★★★ ★★★ ★★     
II   ★★★   ★★     
III ★ ★★★ ★★★ ★★   ★ 
IV ★ ★★★ ★★       
V ★ ★★★   ★     
VI ★★★ ★★★         
VII ★★★ ★★★         
VIII ★★★ ★★★         
★Applicable → ★★★Very important 
 
Table 4.6 Appropriate bio-climate design strategies of different climate zones in 
Southwest China 




analysis with bioclimatic chart before every rural construction. However, in some of 
the poor rural areas, this kind of analysis is difficult to be done by villagers 
themselves. Therefore they can follow the climate zoning and chose appropriate 
design strategies of the climate zone which the village located. 
The use of energy efficient appliance can also reduce energy consumption directly. 
In rural China, beside lighting and cooking, there is an increase in the use of 
household appliance such as fridge recent years. To make it easier for the public to 
choose energy efficient products, most of the household appliances in the market 
have energy labels (NDRC & AQSIQ, 2005). To encourage the wider use of energy 
efficient appliance and further improve energy efficiency, this indicator should be 
recognized in this assessment system. 
Evaluation indicators: whether appropriate bio-climate design strategies were 
implemented in rural built environment (bio-climatic chart analysis or whether 
appropriate design strategies are implemented according to Table 4.6); and 
percentage of building appliance that is classed as highly energy efficient. 
 Sub-issue 9.3: Local and renewable energy  
The objective of assessment of this issue is to reduce the consumption of fossil 
energy, reduce carbon emission, and reduce the energy loss in transportation, in order 
to ensure energy security.  
The use of locally produced renewable energy will help to reduce the reliance on 
fossil fuels and also to reduce greenhouse gas emissions arising from the use of fossil 
fuels. It can also reduce the cost of building energy transportation facility and reduce 
the energy price in rural areas. There are several available renewable energy 
resources in southwest rural China:  
- Hydropower — hydroelectric power, etc. 
- Solar energy — solar drying facilities, solar heating, solar water heater, solar 
cooker, solar photovoltaic energy, etc.  
- Wind power — wind power generation, etc. 
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- Geothermal — geothermal heating, etc.  
- Biomass energy — biogas, bio-fuel, bio-diesel, etc. 
Currently, biomass energy is widely used in poor rural areas of Southwest China. 
Some of the rural areas also use solar energy. However, there are several problems of 
energy use in rural China. Firstly, the development and utilization of renewable 
energy is relatively low. Secondly, the improper use of energy causes some pollution. 
For example, burning of crop straw, firewood and coal cause air pollution in many 
villages (Zhang Hui & Zhang Jing, 2012). Therefore, it is necessary to encourage 
proper use of renewable energy in poor rural areas of Southwest China. 
Evaluation indicators: percentage of locally produced renewable energy in total 
energy consumption.  
4.2.10 Issue 10: Economic self-reliance  
Economic self-reliance is a sub-issue related to financial security. It is also an 
essential dimension of sustainable development. In poor rural areas of Southwest 
China which have a low level of economic development, economic issues should be 
evaluated properly. There are several sub-issues of economic self-reliance: 
 Sub-issue 10.1: Local economy improvement 
The objective of assessment of this issue is to improve local economy during rural 
construction, in order to encourage endogenous rural development and achieve 
long-term sustainable development in poor rural areas of Southwest China. 
The construction and management of built environment can lead to a major impact 
on the local economy. Rural built environmental construction should maximize the 
local economy improvement. There are several strategies to benefit local 
improvement such as purchasing local and regional materials as many as possible, 
employing local contractors/workers as many as possible, and employ local 
contractors to carry out the maintenance and repairs. These strategies should be 
recognized and encouraged in this assessment system. 
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Evaluation indicators: percentage value of the built environment which constructed 
by local contractors or local labors; percentage of materials purchased from local and 
surrounding rural areas; percentage of maintenance and repairs by value that can, and 
are undertaken, by local contractors or local labors. 
 Sub-issue 10.2: Activation and empower 
The objective of assessment of this issue is to improve local economy and 
productivity during rural development, in order to encourage endogenous rural 
development and achieve long-term sustainable development in poor rural areas of 
Southwest China. 
Economic sustainability is not simply equal to cost reduction. The more significant 
idea is to generate wealth in a wide variety of ways which values people and 
encourage and enable them to develop more sustainable practices and habits. The 
economy of an area can be stimulated and sustained by buildings that make use and 
develop local skills and resources. During the rural development of Southwest China, 
it is more sustainable that people can learn and inherit some traditional sustainable 
construction technologies and handicraft which they can make money with it and 
appreciate it. This kind of economy and traditional culture recovery and rural 
community empower should be recognized and encouraged in this assessment 
system. 
Evaluation indicators: whether the vernacular technologies and handicraft were 
innovated and transformed to rural community or recovered in rural community. 
4.3 Development capability issues and indicators  
Development capability issues are relevant to the second level of rural built 
environmental sustainability, which means to increase the ecology of the 
environment, and to meet the needs of higher level of people’s life and development. 
Rural building environment should not only be developed without negative impact 
on the environment, but also restore or re-create a habitat that is connected to other 
similar habitats and is self sustaining. Ecology improvement means to recover the 




- Sustainable landscaping 
- Sustainable agriculture 
To meet physiological needs in built environmental construction, there are several 
key points should be concern:  
- Culture and context 
- Inclusiveness and participation 
- Education and information 
Thus, the above 5 issues are the main issues of development capability. Each of the 
issues will be evaluated according to several sub-issues and indicators as follows: 
4.3.1 Issue 11: Sustainable landscaping 
Sustainable landscaping encompasses a variety of practices that have developed in 
response to environmental issues. In poor rural areas of Southwest China, besides 
strategies have been evaluated by above issues, sustainable landscaping strategies 
can be summarized as follows: 
 Sub-issue 11.1: Soil and water conservation 
The objective of assessment of this issue is to enhance soil and water resources 
conservation, in order to enhance restoration of ecology and bio-capacity.  
China is one of the countries with the most serious soil and water loss. In Southwest 
China, 41.94% of the land area of Southwest China have soil and water loss. There 
are several negative impacts of soil and water loss. Firstly, it will lead to the 
degradation of farmland and grassland. Secondly, it will cause sediment deposition 
and decreases the channel capacity and the flood carrying capacity. Thirdly, it will 
cause landslide and debris flow in mountainous areas (Chai Zongxin, 1995). 
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There are several strategies to protect soil from water runoff, conserve groundwater 
and avoid other negative impact of soil and water loss: 
- Stormwater reduction landscaping such as permeable pavement, bio-swales, rain 
gardens and green roofs.  
- Soil and water conservation farming measures such as contour tillage, contour 
strip cropping, combing ridge and no-tillage.  
-  Engineering measures such as terraced fields, level trench, and scale ripple.   
Evaluation indicators: whether appropriate soil and water conservation methods have 
been implemented in rural areas; percentage of soil and water conservation area.  
 Sub-issue 11.2: Biocapacity improving 
The objective of assessment of this issue is to encourage the restoration of vegetation 
areas and water body, in order to improve biocapacity and biodiversity of rural areas. 
Biocapacity measures the area of biologically productive land and water actually 
available to provide renewable natural resources and absorb CO2 waste. It is usually 
presented together with Ecological Footprint which tracks demand in the following 
categories:  
- Cropland: calculated from the area used to produce food and fiber for human 
consumption, feeds for livestock, oil crops and rubber. 
- Grazing land: calculated from the area used to raise livestock for meat, dairy, 
hide and wool products. 
- Forest land: calculated from the amount of lumber, pulp, timber products and 
fuel wood consumed by a country each year. 
- Fishing grounds: calculated from the estimated primary production required to 
support the fish and seafood caught, based on catch data for more than 1,400 
different marine species and more than 260 freshwater species. 
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- Built-up land and: calculated from the area of land covered by human 
infrastructure, including transportation, housing, industrial structures, and 
reservoirs for hydropower.  
- Carbon: calculated as the amount of forest land required to absorb CO2 
emissions, primarily from burning fossil fuels, other than the portion absorbed 
by oceans (WWF, 2010).  
During the fast development of urban and rural areas in China, the degradation of 
vegetation caused a serious biocapacity reduction. To increase biocapacity, rural 
built environment should take measures to increase the area of the above mentioned 
land and water body. That means to change the wasteland such as desert, rock 
desertification areas, and contaminated land into cropland, grazing land, forest land, 
built-up land or carbon land; and change the polluted waters or dried up waters into 
fishing grounds.  
Evaluation indicators: vegetation restoration area; contaminated land treatment area; 
polluted waters or dried up waters treatment area. 
4.3.2 Issue 12: Sustainable agriculture 
Sustainable agriculture is the practice of farming using principles of ecology, the 
study of relationships between organisms and their environment. It can reduce the 
use of chemical fertilizer, pesticide and herbicide in order to avoid soil salinization, 
chemical pollution, and conserve biodiversity. The two main concepts of sustainable 
agriculture are circular agriculture and biological controls of weeds, pests and 
diseases. Sub-issues of sustainable agriculture are as follows: 
 Sub-issue 12.1: Circular agriculture 
The objective of assessment of this issue is to reduce the use of chemical fertilizers 
and its negative impact on the land and agricultural products, in order to 
keep the ecological balance and improve the long-term productivity of the land. 
Circular agriculture means to design the agricultural system according to the circle of 
energy flow and material, thus lead agricultural ecosystems into a virtuous cycle. The 
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characters of circular agriculture can be summarized as follows: 
- Reuse the agricultural wastes such as straw and dung and increase the efficiency. 
- Reduce the chemical fertilizers consumption, pollution and emissions. 
There are many of specific cultivation methods of circular agriculture which can be 
selected according to local situation. The key point is to establish the virtuous circle 
of supply and demand of different crops and livestock in order to make full use of 
energy and resources and reduce the waste and emission.  
Evaluation indicators: percentage of farmland area which uses local recycled organic 
fertilizer instead of chemical fertilizer; percentage of agricultural wastes reuse. 
 Sub-issue 12.2: Biological controls 
The objective of assessment of this issue is to reduce the use of chemical pesticide 
and herbicide, in order to reduce water and land pollution and increase the quality of 
agricultural products.  
The amount of annual pesticide consumption in China is more than 300,000 tons. 30% 
—40% of them have been absorbed by crops, the rest of them go into water, land and 
residue in agricultural products. The pesticide caused air, water and land pollution, 
killed the natural enemies of pests, and destroyed the ecological balance. It also 
reduced the quality of agricultural products and harm to human health (JIA Rui, LU 
Qian et al., 2006). 
Biological control is a method of controlling pests and weeds relies on predation, 
parasitism, herbivory, or other natural mechanisms. There are also many of specific 
methods of biological control which can be selected according to the local situation. 
The objective of biological control is to reduce the use of chemical pesticide and 
herbicide in order to avoid chemical pollution and conserve biodiversity. 
Evaluation indicators: percentage of farmland area which uses biological control 
instead of chemical pesticide and herbicide. 
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4.3.3 Issue 13: Culture and context 
Culture and context issue is relevant to humans’ belonging need. Its symbolism and 
aesthetics are highly contextual with forms, materials and construction methods 
echoing the local vernacular. The approach is to study local culture and building, 
emphasize local involvement and local expertise. Rural buildings are more close to 
the cultural heritage and natural environment. During the design and construction of 
rural houses, coordination of natural environment and local culture should be 
considered. It can be divided into several sub-issues: 
 Sub-issue 13.1: Protection of historical and cultural heritage 
The objective of assessment of this sub-issue is to encourage the protection of 
historical and cultural heritage during the construction and development of rural built 
environment, in order to keep the historical and cultural characters and ensure 
humans’ belonging need.  
Southwest rural China is rich in historical and cultural heritage such as minority 
settlement, religion construction, and some intangible cultural heritage. Some of 
them have not been valued and protected. Before a rural construction and 
development, a historical and cultural heritage survey and analysis should be 
implemented first. Valuable heritage should be identified and protected. The new 
development should not have negative impact on sites of historical and cultural 
heritage. Rural construction should coordinate with the historical and cultural 
heritage of the site. 
Besides, the protection of intangible cultural heritage should also be identified and 
protected in rural areas. According to the Convention for the Safeguarding of 
Intangible Cultural Heritage, the ―intangible cultural heritage‖ means the practices, 
representations, expressions, knowledge, skills – as well as the instruments, objects, 
artefacts and cultural spaces associated therewith – that communities, groups and, in 
some cases, individuals recognize as part of their cultural heritage. This intangible 
cultural heritage, transmitted from generation to generation, is constantly recreated 
by communities and groups in response to their environment, their interaction with 
nature and their history, and provides them with a sense of identity and continuity, 
thus promoting respect for cultural diversity and human creativity. For the purposes 
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of this Convention, consideration will be given solely to such intangible cultural 
heritage as is compatible with existing international human rights instruments, as 
well as with the requirements of mutual respect among communities, groups and 
individuals, and of sustainable development. It is manifested inter alia in the 
following domains: 
- oral traditions and expressions, including language as a vehicle of the intangible 
cultural heritage; 
- performing arts; 
- social practices, rituals and festive events; 
- knowledge and practices concerning nature and the universe; 
- traditional craftsmanship (UNESCO, 2003). 
Rural built environment should provide spaces for the display and inheritance 
of intangible cultural heritage. 
Evaluation indicators: whether the historical and cultural heritages were identified 
and protected; whether enough spaces have been provided for the display and 
inheritance of intangible cultural heritage. 
 Sub-issue 13.2: Keep local characteristics 
The objective of assessment of this sub-issue is to encourage the respect of local 
characteristics during the construction and development of building environment, in 
order to ensure humans’ belonging need.  
As mentioned before, many minority groups live in southwest rural China. They 
have their own local and cultural characteristics and religious. These characteristics 
cultures are also reflected in architecture. New rural construction should also keep 
the traditional local characteristics form and symbols of building, and provide 
appropriate places and space for traditional cultural and religious activities. The 
architectural style and texture should coordinate with the local characteristics. 
However, keep local characteristics not means simply copying the architectural 
111 
 
form of local traditional buildings. Superficial imitating traditional architecture with 
industrial materials which have been done in many villages during New Countryside 
Construction is not a good solution. It is better to innovate the traditional vernacular 
architecture with a high-science and low-tech strategy, in order to keep the 
advantages of the traditional buildings such as local materials and bio-climatic design 
and avoid the disadvantages of the traditional buildings such as poor seismic 
performance and poor indoor environmental quality.  
At the same time, rural construction should keep the folklore culture and traditional 
lifestyle, and make full use of traditional craftsman and technologies. A good rural 
development project can also protect, promote, and pass on the folklore culture and 
traditional lifestyle. It is more related to cultural/spiritual dimension. In the 
description of ecovillage, cultural and spiritual vitality means: 
- Shared creativity, artistic expression, cultural activities, rituals and celebrations 
- Sense of community unityand mutual support 
- Respect and support for spirituality manifesting in many ways 
- Shared vision and agreements that express commitments, cultural heritage and 
the uniqueness of each community 
- Flexibility and successful responsiveness to difficulties that arise 
- Understanding of the interconnectedness and interdependence of all the elements 
of life on Earth and the community's place in and relation to the whole 
- Creation of a peaceful, loving, sustainable world 
This dimension is also significant to sustainable rural development. But it is difficult 
to be quantified and evaluated in built environmental assessment system. The 
quantification and evaluation of this issue in needed to be investigated in further 
studies. 
Evaluation indicators: whether local characteristics of architectural style and 
technologies have been inherited and innovated; whether enough spaces and 
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activities have been provided and organized to inherited and activate the local culture 
and spirit.  
 Sub-issue 13.3: Coordination with natural environment 
The objective of assessment of this sub-issue is to encourage the coordination of 
building environment and natural environment in order to reduce the energy 
consumption of earth-rock works and maintain a harmonious landscape and scenery.  
Rural built environment should coordinate with natural environment rather than 
damage the natural landscape and change the terrain overmuch. In the mountainous 
areas, too much cut/fill works will destroy natural vegetation and cause extra energy 
consumption of mechanical construction and transportation. Therefore, new village 
planning should according to landform of the hill and integrate with the natural 
landscape. Rural construction should avoid to: 
- Sliced off the hill; 
- Cut down trees on a large scale; 
- Fill the pond, wet land, or river; 
- Divert the river (Wang Zhengyu, 2009). 
Evaluation indicators: whether the rural built environment was planned and designed 
to coordinate with the natural landscape. 
4.3.4 Issue 14: Inclusiveness and participation  
The inclusiveness and participations issue is related to the human esteem needs. In a 
sustainable community, public spaces should be designed to accommodate, and be 
accessible to everyone. During the design, construction and operation, occupants 
should be allowed to participate in decisions of the living environment design, and 
management of the building environment. This kind of participation enables personal 
satisfaction and comfort, and support sustainability by promoting proper 
management and increasing productivity.   
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 Sub-issue 14.1: Barrier-free facilities 
The objective of assessment of this sub-issue is to ensure that the disabled and 
handicapped people can also access and use public spaces.  
In southwest rural China, rural settlement always located in mountainous areas where 
barrier-free facilities are not widely available. The number of elderly and children 
left behind in rural areas increased recent years. It is necessary to provide barrier-free 
facilities at least in public buildings and spaces of rural areas. There are two kinds of 
barrier-free facilities which should be considered in rural China. The first one is 
barrier-free facilities in public buildings and spaces such as ramp and blind road. The 
second one is identification system such as signs and Braille signage. A new national 
standard—Codes for Accessibility Design has been established in 2012 (MOHURD, 
2012). Similar requirement should be proposed in this assessment system for rural 
areas. 
Evaluation indicators: whether the public buildings and spaces provided appropriate 
barrier-free facilities according to the Codes for Accessibility Design.  
 Sub-issue 14.2: Public engagement 
The objective of assessment of this issue is to encourage the public engagement 
during the village construction and development, in order to meet the human’s 
esteem needs and improve social sustainability.  
The planning and design of rural residential building is divers according to 
requirements of different household. In the process of rural community construction, 
flexible house design and dwelling size should be provided to rural residents. In each 
period or rural development including investigation, design, construction, and 
operation, it is necessary to fully hear the views of villagers, and cooperate with 
villagers. Relevant education, publicity, and satisfaction survey should be 
implemented in villages.   
Evaluation indicators: whether the investigation and survey were implemented before 
rural built environmental construction; whether rural residents’ requirement and 
opinion were taken into account during built environmental design; whether 
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satisfaction survey was implemented after rural built environmental construction.  
4.3.5 Issue 15: Education and information 
Education and information issue related to the human’s self-actualization need. 
Learning and access to information are increasingly seen as a requirement of an open 
and sustainable society. The low level of education and information access restricted 
rural development seriously in poor rural areas of Southwest China. Improve 
education and information access will allow rural residents to control their own lives. 
Therefore, they can improve their productivity, establish their own knowledge and 
cultural system, keep a sustainable lifestyle, appreciate it and pass it on. Sub-issues 
of education and information are as follows: 
 Sub-issue 15.1: Education 
The objective of assessment of this issue is to encourage rural built environment to 
provide enough educational facilities, in order to meet human’s self-actualization 
needs and improve social sustainability. 
Sustainable societies should strive for high levels of education and awareness which 
support them in becoming more resourceful and innovative in developing more 
sustainable practices. In poor rural areas of Southwest China, many village schools 
have to be closed or merged because of the student shrinking caused by birth control. 
Therefore, few education facilities are available in these villages. There are several 
education facilities which can be provided in rural areas beside schools such as 
library/reading room and training room/study room. These facilities can be integrated 
with village center or other public buildings/spaces to increase the frequency of use 
and maintainability. Besides, organize and implement different kinds of education 
activities during the rural development and daily life should be also encouraged in 
this system. 
Evaluation indicators: whether sufficient education facilities were provided in rural 
built environment; whether they are good operation and management.  
 Sub-issue 15.1: Information 
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The objective of assessment of this issue is to ensure the access of information in 
rural areas, in order to meet human’s self-actualization needs and improve social 
sustainability. 
As an open and sustainable system, built environment should allow adequate 
exchange of information with the outside world. Southwest rural China has an 
inconvenience transportation and weak connection with outside world which 
restricting its development. This gap of information access between urban and rural 
areas leads to a Matthew Effect—poor rural areas get poorer because of the poor 
information access; Urban areas get richer because of the convenient information 
access (Sun Guizhen, 2010). In the new rural development and construction, built 
environment should provide a variety of information exchange methods such as 
telephone, television, and computer.  
Evaluation indicators: penetration rate of telephone (number of telephones/hundred 
household); penetration rate of television (number of televisions/hundred household); 
penetration rate of computer (number of computers/hundred household). 
4.4 Summary of issues of the assessment system 
To sum up the above elaboration, the framework of issues and sub-issues of 




















































This system considered both environmental protection and human development 
needs in the poor rural areas of Southwest China. At the same time, it includes all the 
three dimensions of sustainability. It is a relatively comprehensive built 












Figure 4.21 Issues classification 
4.5 Evaluation and assessment output  
After establishing of the assessment framework, the evaluation and assessment 
output will be discussed. This study cannot provide existing scores and weightings, 
but in further development of this assessment system, several key points should be 




4.5.1 Quantitative and qualitative evaluation 
The evaluation could be either quantitative or qualitative. Some of the representative 
green building rating systems such as BREEAM and CASBEE use lost of 
quantitative indicators. But the Chinese ESGB used more qualitative indicators. As 
China’s first green building evaluation standard, this simple evaluation procedure is 
easier to implement. As an assessment system for rural areas, this system should also 
be simple and easy to understand. Both quantitative and qualitative indexes should be 
employed in this system.  
The quantitative indicators can reflex the building performance directly. But it would 
be rigid without enough flexibility. Rural building environment is a diverse and 
flexible system. More possibilities and choices should be provided during the 
identification of quantitative indicators.  
Qualitative indicators apply to some indicators which cannot be quantified. For 
example, sub-issues of building aesthetics and context are difficult to be quantified. 
Thus, the requirements of these indicators should be expanded and elaborated in the 
assessment manual. And these qualitative indicators should be evaluated and judged 
by professionals. 
4.5.2 User-friendly for rural area  
More and more assessment systems using ―what you see is what get‖ rating tools 
based on computer software such as Microsoft Office Excel. People can get a quick 
and correct outcome rather than rate and calculate the score with check list slowly 
and carefully. For example, the early systems such as BREEAM and LEED use a 
score table to display the outcome (Figure 4.23). The later one such as CASBEE and 
SBAT shows the assessment result in a series of charts (Figure 4.24). It is easy to see 
that the second display method is more visible and story-telling. It could explain the 
building performance in a single sheet including all of significant information, so that 
the performance of the project could be displayed clearly or compare with each other 
easily. The strengths and weaknesses of the project can be directly seen from the 
sheet. Visualization is also significant in rural building environmental assessment of 
rural China. The display of assessment result should be readable and visualized to 






















Figure 4.23 Example of CASBEE assessment result  
Evaluation cost is also one of the significant issues of this assessment system because 
a high evaluation cost is not affordable in poor rural areas of Southwest China. Some 
of the evaluation methods are expensive and difficult to do in rural areas such as 
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wind tunnel experiments and some computer simulation. The assessment system for 
rural area should investigate some simple method instead of using these complicated 
methods in order to reduce the evaluation cost and difficulty.  
A user-friendly system should be open and easy to get to the public. A lot of existing 
representative rating tools can be freely downloaded from the website, and people 
can use it as a reference to check their design or project by themselves. The openness 
of assessment tools and education recourses is significant in promoting of the 
systems. This assessment system should also be opened to public and rural residents. 
Promotional materials and education recourses should be distributed to rural 
communities, and relevant education workshops should be held for rural residents 
and other stakeholders.  
Only make the evaluation process simple, open and visualized can encourage more 
stakeholders to understand, accept, and use sustainable building assessment systems 
voluntary. 
4.6 Stakeholders and operation  
There are several ways to establish and manage a building environmental assessment 
system. The first one is establishing and managing by government. For example, 
China’s ESGB was published by MOHURD as a national standard; and the 
certification work was managed by the Green Building Label Management Office 
under the MOHURD. The NABERS tool was originally developed by the Australian 
Dept. of Environment and Heritage (DEH); and the NSW Department of 
Environment, Climate Change and Water (DECCW) manages the operation and 
development of accredited NABERS rating systems throughout Australia (DECCW, 
2010). The second one is developing and managing by a third party organization. 
One successful example is BREEAM incorporated by Building Research 
Establishment Limited (BRE) which is a third party approvals body offering 
certification of fire, security and sustainability products and services to an 
international market (Clare Lowe / Alfonso Ponce, 2008). Another one is LEED 
owned and operated by the US Green Building Council (USGBC) which is a 
non-profit trade organization that promotes sustainability in how buildings are 
designed, built and operated. There are similar ones such as Green Star owned and 
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operated by the Australian Green Building Council and GBTool developed by the 
International Framework Committee.  
The advantage of government-led is efficient and depth of implementation. The 
system could be operated institutionalized or as a support of national policy. 
Government also can develop some favorable policies and incentive measures to 
encourage the certification application. It could be launched and implemented fast 
and widespread in a country or an area. But most of them are developed for the local 
natural and social conditions in their own country or area. It has certain 
exclusiveness. And they have relatively low openness to public, sometimes the 
recourses and information are incomplete or not publicly available, non-professional 
people can hardly get an opportunity to learn and understand the whole system. 
Some of them don’t have an English version or website recourses, the information 
can difficult be fined for related research, and the updating of system is relatively 
slow.     
On the other hand, systems owned by third party organization have more flexibility. 
Some of them such as GBTool can be modified by different users according to 
different situation. And they can develop international network such as World Green 
Building Council for further communication, promotion and development, and the 
internet recourses and website development are fairly complete. These organizations 
also have some education programs providing manuals, courses, reference materials 
and other resources to help aspiring people gain the understanding of such green 
building assessment system and be accredited professionals. Both BREEAM and 
LEED have such educational programs, the number of BREEAM AP and LEED AP 
incising fast in many countries. Therefore, sometimes, the third party owned systems 
have more influence and popularity than government-led systems, and the 
international network could provide more updated information, research and 
technology to further develop the assessment system.  
Currently, lots of countries chose a combination way of the previous two methods. 
For example, CASBEE was carried out as a cooperative project between industry, 
government and academia with the assistance of Japanese Ministry of Land, 
Infrastructure and Transport (Japan Sustainable Building Consortium, 2006). This 
kind of combination can keep both the depth of implementation and the flexibility. 
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More and more government and non-government organization start cooperation. The 
Green Building Council of Australia (GBCA) has built strong relationships with 
federal, state and local government decision-makers to promote and support the 
industry's transition to greener buildings (Green Building Council of Australia, 2008). 
The main idea of this cooperation is to find support, expand influence, simplified 
procedure, and solve the problem targeted. 
According to the existing situations of southwest rural China, the implementation 
and operation of RBESAS should be government-led, and at the same time, integrate 
a variety of social resources. 
Different from existing green building assessment systems in western developed 
countries, the implementation of sustainable building evaluation in China is led by 
government rather than market and third-party organizations. The main driving force 
of promoting sustainable building in rural area is policy-oriented rather than 
market-oriented. Therefore, the assessment of rural built environment in Southwest 
China should be also led and promoted based on government’s organization and 
management. The establishment and operation of assessment system should be 
implemented by professional academic research and evaluation agencies.  
At the same time, a series of preferential policies should be provided to encourage 
rural development projects, especially government-led rural development projects, to 
apply for assessment and certified. Some academic activities and awards can be 
launched to encourage sustainable construction and development research and 
practice. The publicity and education work faced to government officials, villagers, 
and other stakeholders should be designed and implemented according to according 
to the audience's needs and abilities.  
4.7 Summary and conclusions 
In this chapter, the framework of RBESAS was established. The aim and scope of 
this assessment system were defined according to the context of poor rural areas of 
Southwest China. According to the integration of rural sustainability component and 
rural built environment component, the issues, sub-issues and indicators of RBESAS 
were developed. There are 15 issues and 37 sub-issues which can be divided into two 
parts: self-reliance capability and development capability. These issues covered the 
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environmental, social, and economic aspect of sustainability, and also covered the 
lifecycle of rural settlement including village planning, building design, construction, 
management, and demolishing.   
Besides, the suggestion of evaluation and assessment output module was discussed. 
This assessment system should be government-led, and at the same time, integrates a 
variety of social resources. The organization and evaluation of indicators should be 
simple and easy to be understood. The explanation of assessment outcome should be 
readable and visualized. And relevant resources and education documents should be 







CHAPTER 5 CASE STUDY  
The framework of RBESAS was established in Chapter 4. To verify whether it is 
appropriate to poor rural areas of Southwest China, case study and comparative study 
will be done in this chapter. Three cases have been chosen to do this comparative 



















(I) Liudou Village 
(II) Group 3 of 
Ma'anqiao Village 
(III) Group 2 of Ma'anqiao 
Village 





Rebuilt according to 
modernization 
paradigm of rural 
development 
Rebuilt according to 
endogenous development 
model 
Ethnic group Han Dai Dai 
Annual per 
capita income  





Table 5.1 indicates that the three cases have different characteristics. Case I is a 
typical traditional village in poor rural areas of Southwest China which has most of 
the limitations such as low income, poor infrastructure facilities, and old houses. 
Case II is a typical top-down rebuild village lead by local government which follows 
the modernization paradigm of rural development. Case III is a demonstration village 
reconstruction project which follows the sustainable development concept and 
endogenous development model. Different assessment systems will be used to 
analyze these three cases to see whether these systems are suitable for the three cases, 
and whether these systems can identify the advantages and disadvantages of the three 
cases. The assessment outcome will be compared and discussed. 
Currently, the most representative green building assessment systems are BREEAM, 
LEED and CASBEE. However, BREEAM and LEED were developed in UK and 
USA which have quite different natural and social conditions with poor rural areas of 
Southwest China. CASBEE is relatively closer to China, and its Q-L assessment 
method is more storytelling than BREEAM and LEED. Therefore CASBEE will be 
the first assessment system considered in this study. ESGB also will be considered in 
this study since it is the only green building assessment standard in mainland China. 
SBAT will be included because it is the first assessment system for developing 
countries and evaluate based on the three dimensions of sustainability. LEED for 
neighborhood development will be analyzed since it is a new assessment system for 
neighborhood scale. The last but not least system is RBESAS which has been framed 










Country Established Urban/rural Scale 
Developed/developing 
country 
CASBEE Japan 2002 Urban Building environment Developed country 
ESGB China 2006 Urban Building  Developing country 
SBAT South Africa 2004 Urban Building  Developing country 
LEED-ND USA 2009 Urban Neighborhood Developed country 
RBESAS China - Rural Village Developing country 
 




5.1 Case I: Liudou Village 
5.1.1 Project description 
 Background 
Liudou Village is a typical traditional self-renewal village without any 
government-led reconstruction (Figure 5.2). Like most of the poor rural areas in 
Southwest China, Liudou Village is located in mountainous areas which have 
inconvenient transportation facility. This village has more than 600 residents, which 
are mainly engaged in agricultural production. The annual per capita income is only 







Figure 5.2 Case I—Liudou Village 
 Architecture 
This village is not located in Nature Reserve or ecologically sensitive areas such as 
rainforest, virgin forest and wetland. No farmland was occupied by building 
construction. It is belonging to the Climate Zone II of Southwest China which should 
apply passive solar heating and thermal mass in building design.  
The main building materials of Liudou Village are soil, timber and brick. Most of the 
old buildings are traditional rammed earth buildings (Figure 5.3). A few of the new 
buildings were built of timber and brick. The traditional rammed earth buildings are 




traditional rammed earth buildings is poor because the rammed earth wall is not hard 







Figure 5.3 A typical old building of Case I 
Besides, the indoor environmental quality of the traditional rammed earth building is 
not good enough because of improper openings on the wall, thus the daylighting and 
natural ventilation is not adequate. Furthermore, the thermal performance of rammed 
earth building is not as good as is supposed to be because of poor airtightness. 
Therefore, some of the villagers go out and find jobs in urban areas and earned 
money to build brick houses. The brick houses are solid, spacious and bright. But the 
thermal performance is also relatively poor, and construction cost is much higher 

















Figure 5.4 Indoor air temperature of rammed earth house and brick house in Case I   
The villagers’ satisfaction is low in Case I (Figure 5.5). This investigation result shows 
that the old built environment in poor rural areas of Southwest China cannot meet 
residents’ requirement anymore. It is necessary to rebuilt the old houses and improve 








Figure 5.5 Villagers’ satisfaction of Case I 
 Infrastructure 





has been built to supply clean water to every household. Electricity is transported 
from the State Grid. TV signals and mobile phone signals can be received in this 
village. This village has some basic services facilities such as, shops, clinic, village 
center, but lack of recreation facilities and opens space such as basketball court and 
public square. This village has no waste disposal facilities. 
 Agriculture 
There are several kinds of crops such as corn, rice and bean in Liudou Village. 
People also raise pig, cattle and chicken. There is a widespread use of chemical 
pesticides, fertilizers and agricultural films. Used agricultural films have been 
optionally thrown out.  
The problems of Liudou Village are also widespread problems in other poor rural 
areas of Southwest China. These problems are waiting to be solved in rural 
construction and development.  
Overall, the main advantages of Case I are as follows: 
- Buildings’ environmental loading is low; 
- Buildings can coordinate with natural environment and local culture; 
The main disadvantages of Case I are as follows: 
- Indoor environmental quality is unsatisfactory; 
- Anti-seismic performance of buildings is unsatisfactory; 
- Infrastructure and service facility is unsatisfactory; 
- Garbage disposal problem; 
- Agricultural pollution problem. 
5.1.2 Analysis  
Built environment of Liudou Village will be analyzed by each assessment system 
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mentioned before. The issues of different assessment systems will be used to 
evaluate or compared with the case project. The aim of this analyze is not getting a 
score of the project, but to see how many issues of the assessment system is 
applicable for the project, how many issues is not applicable for the project, and 
whether the assessment systems are able to reflect the characteristics of the project.  
 CASBEE 
There are several tools of CASBEE which can be used to evaluate different kind of 
buildings or urban areas. They are: 
-CASBEE for New Construction 
- CASBEE for Existing Building 
- CASBEE for Renovation 
- CASBEE for Heat Island 
- CASBEE for Urban Development 
- CASBEE for an Urban Area + Buildings 
- CASBEE for Cities 
- CASBEE for Home (Detached House) 
- CASBEE for Market Promotion (tentative version) 
- CASBEE Property Appraisal 
Obviously, none of them can be used to evaluate rural built environmental 
sustainability. In this study, CASBEE for Home (Detached House) has been chosen 
to do the analysis because most of the rural houses are detached house in Southwest 
China. This tool is supposed to be more suitable for these cases. The version used in 
this study is CASBEE for Home (Detached House) Technical Manual 2007 Edition. 
First of all, this analysis will find out how many items of the system are applicable to 
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the case, and how many items are not applicable. Thus the applicability of the system 
in rural China can be reflected. Secondly, this analysis will find out how many 
requirements and which kind of requirements of the system can be met by the case. 
Thus the assessment system’s ability of identifying the different sustainability can be 
reflected.  





























































































Figure 5.6 Analyze outcome of Case I with CASBEE 
This figure shows that about half of the assessment items of CASBEE are not 
applicable for Case I. The items which are not applicable can be divided into several 
situations: 
- The items are mainly for urban areas rather than rural areas.  
- The items are designed for building scale rather than village scale. 
- The items are mainly focused on buildings which use active systems such as 
air-conditioning systems. 
- The benchmark of the item is according to some local standard in Japan which is 
not appropriate for rural China 
- The items are mainly for industrialized buildings rather than vernacular 
buildings. 
Furthermore, the main advantages of Case I such as low environmental loadings and 
coordination with natural environment and local culture have been recognized by 
CASBEE. Some of the disadvantages such as low indoor environmental quality have 
been recognized by CASBEE. The other disadvantages such as such as inadequate 
infrastructure/service facility and agricultural pollution problem have not been 





ESGB is the first and only national standard for green building evaluation in China. 
It is also mainly focus on buildings of urban areas. It is separated to two parts: 
residential buildings and public buildings. As residential rural communities, the cases 
of this study will be analyzed with the residential part. The version this study used is 
Evaluation Standard for Green Building GB 50378-2006 (MOHRUD & AQSIQ, 
2006)and the Technical Details of the Green Building Evaluation (MOHURD, 
2007)which is a supplementary explanation of the ESGB. 
The analysis of Case I with ESGB is demonstrated in Table 5.6—5.7. The items are 
also divided into three types: applicable and requirement can be met, applicable but 



































































Figure 5.7 Analyze outcome of Case I with ESGB 
This figure shows that 46.5% of the assessment items of ESGB are not applicable for 
Case I. The reasons are similar with CASBEE.  
Furthermore, some of the advantages of Case I such as low environmental loadings 
have been recognized by ESGB. The other advantages such as coordination with 
natural environment and local culture have not been recognized by ESGB. Some of 
the disadvantages such as low indoor environmental quality and garbage disposal 
problems can be recognized by ESGB. Other disadvantages such as such as 
inadequate infrastructure/service facility and agricultural pollution problem cannot 
be recognized by ESGB. 
 SBAT 
SBAT oriented in South Africa was developed to relate strongly to the context of a 
developing country. And its structure is flows the environmental, social, and 
economic dimensions of sustainability. The version this study used is Sustainable 
Building Assessment Tool (SBAT-P) V1 developed in 2004 (The Council for 
Scientific and Industrial Research in South Africa).  
This assessment tool is also focus on urban buildings. It can be used on most 
building types such as schools, housing and offices, conventionally used by people to 
live and work in. This tool does not set a benchmark for each item. Therefore, the 




applicable but average level cannot be achieved, and not applicable.  























































Table 5.10 Analyze of Case I with SBAT (part 3) 






Figure 5.8 Analyze outcome of Case I with SBAT 
This figure shows that more than 30% of the assessment items of SBAT are not 





established according to the three dimensions of sustainability. Therefore more items 
about social and economic sustainability are applicable for Case I. 
Furthermore, the main advantages of Case I such as low environmental loadings and 
coordination with natural environment and local culture have been recognized by 
SBAT. Some of the disadvantages such as low indoor environmental quality, 
inadequate infrastructure/service facility, and garbage disposal problems can be 
recognized by SBAT. The other disadvantages such as agricultural pollution problem 
cannot be recognized by SBAT. 
 LEED-ND 
LEED provided a rating system for neighborhood development which integrates the 
principles of smart growth, urbanism and green building issues. As the first national 
system for neighborhood design in the USA, this system will be analyzed in this 
study. The version this study used is LEED 2009 for Neighborhood Development 
(Updated October 2012) (USGBC, 2012).  























































































Figure 5.9 Analyze outcome Case I with LEED-ND 
This figure shows that more than 60% of the assessment items of SBAT are not 
applicable for Case I although LEED-ND is an assessment system for neighborhood 
scale. It is mainly because that LEED-ND is for urban areas rather than rural areas. 
And the assessment method and benchmark of LEED-ND are mainly for urban areas 
of developed countries.  
Furthermore, the advantages of Case I such as low environmental loadings and 
coordination with natural environment have been recognized by LEED-ND. Some of 
the disadvantages such as garbage disposal problems have been recognized by 
LEED-ND. Others disadvantages such as low indoor environmental quality, 
inadequate infrastructure/service facility, and agricultural pollution problem cannot 
be recognized by SBAT. 
 RBESAS 
This study only established the framework of RBESAS which does not set a 
benchmark for each item. Therefore, the items can be divided into three types: 
applicable and average level can be achieved; applicable but average level cannot be 
achieved; and not applicable.  



























































Figure 5.10 Analyze outcome of RBESAS and Case I 
This figure shows that only 2.7% of the assessment items of RBESAS are not 
applicable for Case I. This is because item 13.1 Protection of historical and cultural 
heritage is excluded since there is no historical and cultural heritage in Case I.  
Furthermore, all the main advantages and disadvantages of Case I have been 
recognized by RBESAS.  
5.1.3 Discussion 
According to the 5 analyze outcomes, the applicability of CASBEE, ESGB and 
LEED-ND with Case I is unsatisfactory. Because some of the items are mainly for 
urban areas rather than rural areas; some of the items are designed for building scale 
rather than village scale; some of the items are mainly focus on buildings which use 
active systems such as air-conditioning systems; some of the benchmark of the item 
is according to some local standard which is not appropriate for rural China; some of 
the items are mainly for industrialized buildings rather than vernacular buildings. 
The applicability of SBAT is better than the above mentioned systems because 
SBAT has been established according to the three dimensions of sustainability; and 
some of the items are more close to developing countries. However, the applicability 
of SBAT is still unsatisfactory. The applicability of RBESAS is much higher than 
others systems. Almost all of the items of RBWSAS are applicable for Case I.  
Furthermore, RBESAS can identify some of the advantages which cannot be 




disadvantages of Case I which cannot be identified by other systems.   
5.2 Case II: Group 3 of Ma'anqiao Village 
5.2.1 Project description 
 Background 
The Group 3 of Ma’anqiao Village is located in the southernmost side of Sichuan 
Province, near the Jinsha River, close to Yunnan Province. The Dai and Yi are two 
representative ethnic minorities in this region. This area is a dry-hot valley with a 
subtropical monsoon climate with rainy and dry seasons.  
Like most poor rural areas of Southwest China, Ma’anqiao village is not 
conveniently located and has poor transport facilities. The economy of Ma’amqiao 
village has been mainly based on agriculture. The social productivity developed 
slowly. This agricultural area has a poor economy of 700—1,000 Yuan income per 
capita, which means its residents cannot afford the cost of housing unlike in other 
areas. The low level of knowledge, technology, and limited resources hinder 
development of this region. After the earthquake in 2008, most of the village houses 
were severely damaged (Figure 5.11). A local government lead reconstruction 











The planning and building design of Group 3 of Ma’anqiao Village have been done 
by local government (Figure 5.12). The main construction materials are brick and 
cement because rammed earth building is supposed to have poor seismic 
performance. All the buildings have the same design according to a prototype 
provided by government. The construction is completed by contractor employed 





Figure 5.12 Street and buildings in Group 3 of Ma’anqiao Village after reconstruction 
Ma’anqiao Village is located in the Climate Zone II of Southwest China. The most 
significant passive design strategies are passive solar heating and thermal mass. 
However, the thermal performance of these brick-concrete buildings is not good 
enough for Climate Zone II. The outdoor temperature is quite high in the dry season 
in Ma’anqiao Village. The indoor air temperature cannot be cool down to a relatively 













The construction cost of this kind of brick-concrete building in Ma’anqiao Village is 
around 1000 Yuan/m
2
. The per capita floor area is around 20 m
2
. Therefore, the 
house price to income ratio is 20 which is much higher than the reasonable range. 
The villagers’ satisfaction of building size, thermal comfort, spatial layout and cost 
are relatively low (Figure 5.14). They are the main disadvantage of this kind of 








Figure 5.14 Villagers’ satisfaction of Case II 
 Infrastructure 
Infrastructure of Case II is improved after reconstruction. The main road has been 
covered by concrete. The water supply system has been built to supply clean water to 
every household. Electricity is transported from the State Grid. Most of the 
household have TV and telephone. This village has some shops but no other 
available public service facilities. There is also a lack of recreation facilities and 
opens space such as basketball court and public square. This village has no waste 
disposal facilities. 
 Agriculture 
Similar with Case I, there are several kinds of crops such as corn and rice in Case II. 




such as mango and papaya. There is also a widespread use of chemical pesticides, 
fertilizers and agricultural films. Used agricultural films have been 
optionally thrown out.  
Overall, the main advantages of Case II are as follows: 
- Anti-seismic performance of buildings is better; 
- Environmental hygiene has been improved. 
The main disadvantages of Case II are as follows: 
- Buildings’ environmental loading is relatively high; 
- Indoor thermal comfort is unsatisfactory; 
- Service facilities and open spaces is unsatisfactory;  
- Building cannot coordinate with local culture; 
- Garbage disposal problem; 
- Agricultural pollution problem; 
- Low public engagement; 
- Small contribution to local economy. 
5.2.2 Analysis  
 CASBEE 
The analyze method is same with Case I. The analysis of Case II with CASBEE is 
















































































Figure 5.15 Analyze outcome of Case II with CASBEE 
Similar with Case I, 42.86% of the assessment items of CASBEE are not applicable 
for Case II. Furthermore, the main advantages of Case II such as better anti-seismic 
performance of buildings and better environmental hygiene have not been recognized 
by CASBEE. Some of the disadvantages such as high environmental loading of 
buildings have been recognized by CASBEE. The other disadvantages such as 
inadequate service facility, agricultural pollution problem, small contribution to local 
economy and low public engagement have not been recognized by CASBEE. 
 ESGB 






























































Figure 5.16 Analyze outcome of Case II with ESGB 
42.11% of the assessment items of ESGB are not applicable for Case II which is less 
than Case I. Furthermore, the main advantages of Case II such as better anti-seismic 
performance of buildings and better environmental hygiene have not been recognized 
by ESGB. Some of the disadvantages such as high environmental loadings have been 
recognized by ESGB. The other disadvantages such as inadequate service facility, 
agricultural pollution problem, small contribution to local economy and low public 
engagement have not been recognized by ESGB. 
 SBAT 



































































Table 5.23 Analyze of Case II with SBAT (part 3) 






Figure 5.17 Analyze outcome of Case II with SBAT 
30.67 % of the assessment items of SBAT are not applicable for Case II which is 
lower than CASBEE and ESGB. The number of items above average is slightly more 





Case II such as better anti-seismic performance of buildings and better environmental 
hygiene have not been recognized by SBAT. Some of the disadvantages such as high 
environmental loading of buildings have been recognized by SBAT. The other 
disadvantages such as inadequate service facility, agricultural pollution problem, 
small contribution to local economy and low public engagement have not been 
recognized by SBAT. 
 LEED-ND 





























































































Figure 5.18 Analyze outcome of Case II with LEED-ND 
Similar with Case I, more than 60 % of the assessment items of LEED-ND are not 
applicable for Case II. Furthermore, the main advantages of Case II such as better 
anti-seismic performance of buildings and better environmental hygiene have not 
been recognized by LEED-ND. Some of the disadvantages such as high 
environmental loading of buildings and garbage disposal problem have been 
recognized by LEED-ND. The other disadvantages such as inadequate 
infrastructure/service facility, agricultural pollution problem and small contribution 
to local economy have not been recognized by LEED-ND. 
 RBESAS 






























































Figure 5.19 Analyze outcome of Case II with RBESAS 
Similar with Case I, only 2.7% of the assessment items of RBESAS are not 
applicable for Case II. But different from Case I, The number of items above average 
is less than the number of the items below average which means the sustainability of 
Case II is lower than Case I. Furthermore, all the main advantages and disadvantages 
of Case II have been recognized by RBESAS.  
5.2.3 Discussion 
Similar with Case I, the applicability of CASBEE, ESGB and LEED-ND with Case 
II is unsatisfactory. The applicability of SBAT is better than the above mentioned 
systems, but the applicability of SBAT is still unsatisfactory. The applicability of 
RBESAS is much higher than others systems.  
On the other hand, according to all of the assessment systems, the items can be 
satisfied by Case II is less than Case I. Which means the sustainability of Case II is 
lower than Case I. However, the sensitivity of RBESAS is higher than the others 
systems because it can identify more advantages and disadvantages of Case II than 
others.  
5.3 Case III: Group 2 of Ma'anqiao Village 






Case III is located in the same administrative village with Case II. Different from 
Case II, it was isolated from the outside by a river without any permanent bridge 
(Figure 5.20). Similar with Case II, this agricultural area has a poor economy of 700
—1,000 Yuan income per capita, which means its residents cannot afford the cost of 
housing like other areas. Moreover, the choices of building materials are limited. The 
low level of knowledge, technology, and limited resources hinder development of 





Figure 5.20 Ma’anqiao Village 
Group 2 of Ma’anqiao village is a small rural community with 39 families. Before 
the reconstruction, all village houses in Ma’anqiao were constructed with a 
traditional rammed earth courtyard and common living spaces for humans and 
livestock. These houses were built by hand. Mud was the main material used in 
traditional architecture as it is inexpensive, accessible, and has impressive thermal 
performance. With zero pollution, mud walls can even be reused in future buildings 
or as fertilizer in farming. 
After the earthquake in 2008, most of the village houses were severely damaged 
(Figure 5.21). But rebuild materials such as bricks were too expensive to the villagers 
and difficult to be transported across the river. The challenge was ―how to make use 












Figure 5.21 Group 3 of Ma’anqiao Village after 2008 earthquake 
Since the conventional reconstruction method is not appropriate for Case III, a 
post-earthquake village reconstruction and demonstration project has been launched 
in this village group. It aims to help villagers to rebuild their homes and lives after 
the earthquake, and more significantly, demonstrate and convey a sustainable and 
humane way of post-quake village rebuilding that local residents could afford, own, 
and pass on. 
According to its special climatic conditions, remoteness, poor accessibility, and 
limited resources, the conventional brick-concrete building strategy is not suitable for 
this village. This project chooses to inherit and innovate the traditional rammed earth 
building. To help villagers rebuild their homes and lives, and demonstrate a 
sustainable and humane way of post-quake village rebuilding that local villagers 
could afford, own, and pass on, the main contents of this project have been set as 


















Table 5.29 Project summary of Case III 
 Architecture 
The old rammed earth building in Ma’anqiao Village has poor seismic performance 
because the building foundation is not solid enough, and the tensile strength of mud 
wall is weak. After a series of investigations and studies, it was innovated with a 
series of anti-seismic design and strategies (Figure 5.22). Timber frame inside the 
mud wall is part of an effective anti-seismic design. The building foundation with 
appropriate size and correct cement mortar enhanced the integrity of the houses. 
Bamboo strips embedded into the mud wall can bond the frame and the walls 
together. Some concrete belts were added into the wall to improve structural integrity 
and avoid vertical cracking. Light lime and cement was added into the mud to 
strengthen the wall. To pound the mud better, ramming tools were improved by 
fitting them with iron heads. Seismic and expansion joints were designed 
appropriately. Improved by these methods, the rammed earth building can be 
preserved and promoted in earthquake areas. This new anti-seismic rammed earth 
building can satisfy the demand of seismic fortification in this area. Besides, most 
(about 90%) of the construction materials are post-quake recycled material or locally 
Phases Contents 
1. Survey and research 
Survey and investigation in the village, communicate with 
villagers to define the key problem. Then implemented a 
series of research to find an appropriate solution.  
2. Demonstration of 
house reconstruction 
Organize villagers from each family to undergo technical 
training on building the prototype house with anti-seismic and 
ecological methods. 
3. Technology promotion 
and guidance of the local 
reconstruction 
Help villagers rebuild their own houses under the supervision 
of our technical staff. 
Conduct on-site experiment of anti-seismic rammed earth 
building technology. 
Publish an illustrated and easily comprehensible anti-seismic 




regional training and 
promotion 
Build bridge and improve access. 
Build village a center and anti-seismic rammed earth building 
demonstration center. 
Organize public health education workshops. 













Figure 5.22 Anti-seismic rammed earth building construction 
The traditional rammed earth houses in this village were ill-ventilated and dark. 
Daylight and natural ventilation was improved by appropriating properly sized 
windows and providing for cross ventilation. This project provided several designs 
that suit the needs of different sizes of families (Figure 5.23). Villagers can choose 






Figure 5.23 Tow of the reconstruction design 
The indoor environmental quality is improved after reconstruction. No need to use 
heating equipment in winter and air condition in summer. The mud based rammed 
earth wall has been calculated to be thermal modifier. The thermal performance of 
the new anti-seismic rammed earth building is better than the conventional 










Figure 5.24 Temperature contrast 
Furthermore, the construction cost of this new rammed earth building is only a 
quarter of the conventional brick-concrete building and the operation cost is also 
much lower. The house price to income ratio is around 6. This is very important for 
the villagers as their typical annual income is merely a few thousand Yuan per year. 
Taking out a huge loan to build a concrete frame house is not economically 
sustainable.  













 Infrastructure and service facilities 
After the rural houses reconstruction, a village center with clinic, reading room, 
kindergarten, shop, and other functions was built to provide public space and serves 
facilities to the village. The village center also can be an ethnic cultural exhibition 
center. To maintain the minority culture of this village, the village center was built 
with a round yard. Dai and Yi people like dancing together in a circle to celebrate 
festivals or for entertainment. Now they always dance in front of the village center. 










Figure 5.26 Village center 
Biogas has been used to turn waste into fuel for lighting and cooking. Water cellars 
are built to supply clean water from the nearby spring, instead of directly collecting 
―dirty‖ water from the river as in the past. Storm water is naturally channeled to the 
land. A bridge was built so these villagers and children can across the river 




The reconstruction project is mainly focus on building reconstruction and public 
service facilities improvement. Villagers still follow the original way of farming.   
Similar with Case II, there are several kinds of crops such as corn and rice in Case III. 
People raise pig, cattle, chicken and rabbit. The main locally produced fruits are 
mango and papaya. There is also a widespread use of chemical pesticides, fertilizers 
and agricultural films. Used agricultural films have not been recycled or properly 
treated.  
 Long-term effects 
During the reconstruction, the villagers themselves were employers, carrying out the 
construction mainly with manpower and simple tools. The anti-seismic strategies are 
effective, economic, and easy to learn. The Villagers can build their homes by 
themselves without hiring contractor and or using complex technology. The occupied 
houses are also inexpensive and easy to build and repair. In this process, villagers 
were employed to build the anti-seismic rammed earth houses, and thus transferred 
an economical way to make their living later. The idea was to transfer knowledge 
and skills during the construction process rather than teach them with drawings.  
Furthermore, this project improved the access, service facilities, and hygiene of this 
village to solve the much larger, longer-term problem of villagers leaving and 
abandoning their villages to move to the city in search of better living conditions. 
This has been the most challenging problem for the central Chinese government: 
controlling population movement. One solution is to raise the standard of the villages 
to a higher level of amenity and comfort for villagers to wish to stay.  
This project also won several awards in China and abroad: 
- 2010 Design for Asia Award—Merit Recognition; 
- 2010 Green Building Award—Grand Award; 
- 2011 UNESCO Asia-Pacific Heritage Awards for Culture Heritage Conservation
—Jury Commendation for Innovation. 
Overall, the main advantages of Case III are as follows: 
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- Buildings’ environmental loading is small; 
- Anti-seismic performance of buildings has been improved; 
- Indoor environmental quality has been improved; 
- Service facilities and open spaces has been improved; 
- Building can coordinate with natural environment and local culture; 
- High public engagement; 
- Contribute to local economy. 
The main disadvantages of Case III are as follows: 
- Garbage disposal problem; 
- Agricultural pollution problem. 
5.3.2 Analysis 
 CASBEE 





















































































Figure 5.27 Analyze outcome of Case III with CASBEE 
The figure shows that 48.21% of the assessment items of CASBEE are not applicable 
for Case III which is higher than Case II.  
Furthermore, some of the main advantages of Case III such as low environmental 
loading, improved indoor environmental quality, and coordination with natural 
environment and local culture have been recognized by CASBEE. The other 
advantages such as improved anti-seismic performance, improved service facilities 
and open spaces, contribution to local economy and high public engagement have not 
been recognized by CASBEE. The main disadvantages such as garbage disposal 
problem and agricultural pollution problem have not been recognized by CASBEE. 
 ESGB 





























































Figure 5.28 Analyze outcome of Case III with ESGB 
The figure shows that 44.74% of the assessment items of ESGB are not applicable 
for Case III which is more than Case II.  
Furthermore, some of the main advantages of Case III such as low environmental 
loading, improved indoor environmental quality, and coordination with natural 
environment have been recognized by ESGB. The other advantages such as 
improved anti-seismic performance, contribution to local economy and high public 
engagement have not been recognized by ESGB. The garbage disposal problem has 
been recognized by ESGB. The agricultural pollution problem has not been 
recognized by ESGB. 
 SBAT 



































































Table 5.37 Analyze of Case III with SBAT (part 3) 






Figure 5.29 Analyze outcome of Case III with SBAT 
Similar with Case II, 30.67 % of the assessment items of SBAT are not applicable for 





Furthermore, some of the main advantages of Case III such as low environmental 
loading, improved indoor environmental quality, contribution to local economy and 
high public engagement have been recognized by SBAT. The other advantages such 
as improved anti-seismic performance have not been recognized by SBAT. The 
garbage disposal problem has been recognized by SBAT. The agricultural pollution 
problem has not been recognized by SBAT. 
 LEED-ND 






































































Figure 5.30 Analyze outcome of Case III with LEED-ND 
Similar with Case I and Case II, more than 60 % of the assessment items of 
LEED-ND are not applicable for Case III.  
Furthermore, some of the main advantages of Case III such as low environmental 
loading and high public engagement have been recognized by LEED-ND. The other 
advantages such as improved indoor environmental quality, improved anti-seismic 
performance and contribution to local economy have not been recognized by 
LEED-ND. The garbage disposal problem has been recognized by LEED-ND. The 
agricultural pollution problem has not been recognized by LEED-ND. 
 RBESAS 





























































Figure 5.31 Analyze outcome of Case III with RBESAS 
Similar with Case I and Case II, only 2.7% of the assessment items of RBESAS are 
not applicable for Case III. The number of items above average is much more than 
the number of the items below average. All of the advantages and disadvantages 
have been recognized by RBESAS. 
5.3.3 Discussion 
Similar with Case I and Case II, the applicability of LEED-ND is the lowest. The 
applicability of CASBEE and ESGB is also quite low. The applicability of SBAT is 
better than the above mentioned systems, but it is still unsatisfactory. Compare with 
them, the applicability of RBESAS is much higher.  
On the other hand, according to all of the assessment systems, the items can be 
satisfied by Case III is relatively higher than Case I and Case II. Which means the 
sustainability of Case III is the highest above the three cases. However, the 
sensitivity of RBESAS is higher than the other systems because it can identify more 
advantages and disadvantages of Case II than others.  
5.4 Summary and conclusions 
The analyze outcome of 3 Cases and 5 assessment systems can be summarized as 




























The case study shows that different assessment systems have different context and 
focus which are quite different from southwest rural China. The applicability of the 
existing representative assessment systems with the case projects is relatively low. 
Among them, the applicability of LEED-ND is lowest because it has been 
established mainly for urban areas of developed country. The problems and 
assessment method of urban areas of developed country are all quite different from 
rural China. Secondly, the applicability of CASBEE and ESGB are also quite low. 
Compare with CASBEE, ESGB didn’t show any superiority although it is a Chinese 
standard. Many of the items relevant to urban buildings are not appropriate for rural 
China. SBAT shows better capability to the other systems above mentioned because 
the three dimensions of sustainability have been considered simultaneously in this 
system. More social and economic issues are suitable for southwest rural China. 
However, the items relevant to urban buildings in SBAT are still not appropriate for 
rural China. RBESAS shows great superiority in the assessment of case projects. 
Almost all of items of RBESAS are suitable for the case projects. The three 
dimensions of sustainability and all the main problems of rural built environment 
have been considered in this system.  
On the other hands, the sensitivities of these assessment systems are different from 
each other. According to CASBEE, the performance of Case II is better than Case I. 
This conclusion is different from all the other systems. This phenomenon shows that 
CASBEE cannot recognize some of the advantages of vernacular buildings very well. 
According to the rest of the assessment systems, the sustainability of Case II is lower 
than Case I, the sustainability of Case III is the highest. But the difference between 
these three cases is relatively small according to RSGB, SBAT and LEED-ND. 
RBESAS can distinguish different advantages and disadvantages of the three cases 
clearly and recognize the significance of endogenous development model well. 
Therefore, RBESAS is more suitable in poor rural areas of Southwest China. The 
applicability and sensitivity of RBESAS is much better than other existing 
representative assessment systems. At the same time, it is also more suitable for rural 
areas which follow the endogenous development mode.
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CHAPTER 6 DISCUSSIONS AND CONCLUSIONS  
Nowadays, there are rapidly developments of both the rural built environment of 
southwest rural China and sustainable architecture in China. To avoid further 
long-term problems and ensure sustainable development of southwest rural China, 
this study tried to find a solution through establishing a framework of built 
environmental sustainability assessment system for poor rural areas of Southwest 
China. According to the method of establishing a building environmental assessment 
system, this study investigated the existing natural and social conditions of poor rural 
areas of Southwest China, and carried out side-by-side comparisons of the more 
notable assessment tools to illustrate areas of convergence and distinction, then 
generated applicable methods and assessment framework for the built environmental 
sustainability assessment of poor rural areas of Southwest China. 
6.1 Research summary 
6.1.1 Fundamental research  
In the fundamental research, several main concepts and theories have been reviewed: 
- Sustainable development 
- Sustainable architecture  
- Building environmental assessment  
- Rural development and construction 
Sustainable development is a major trend in the development of the world. There are 
three dimensions of sustainable development which are also suitable for building 
environmental assessment: environmental dimension, economic dimension and 
social dimension. To achieve these three dimensions of sustainable development, 
passive design and active system of building environment are both significant. But 
there are several main problems in most of the existing building environmental 
assessment systems. First of all, there is an insufficient consideration of the social 
and economic dimensions in most of the existing building environmental assessment 
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systems. Secondly, the consideration and weighting of passive design is also 
insufficient. These two problems lead to an incomplete and short-sighted assessment 
which cannot evaluate the long-term and indirect sustainability of building 
environment. These problems should be noted and avoided in the establishment of a 
new building environmental assessment system. Thirdly, most of the existing 
building environmental assessment systems didn’t distinguish the difference between 
urban and rural areas. In China, the built environment of rural and urban areas is 
quite different. The modernization paradigm of rural development is not appropriate 
for the poor rural areas of Southwest China. A new rural development paradigm 
which emphasizes endogenous development is more appropriate for southwest rural 
China. These differences should be considered in the establishment of a new built 
environmental sustainability assessment system for poor rural areas of Southwest 
China. 
6.1.2 Establishment of the framework of RBESAS  
The Rural Built Environmental Sustainability Assessment System should be 
developed with a clear understanding of the context within which it is located. This 
study analyzed the natural and social conditions of southwest rural China.  
The main topography of Southwest China is hills and mountains with plenty of rivers. 
The main climate of Southwest China is warm and humid. It also can be divided into 
8 Climate Zones which have different climate conditions. Southwest rural China has 
rich and colorful minority culture. But due to the natural, historical and other reasons, 
most of the minority population of Southwest China lives in remote and poor rural 
areas. This region has relatively low level of economic and education development. 
In order to solve these problems, Chinese government started the New Countryside 
Construction task in 2005. Because of the impact of industrial development model, 
the self-reliance lifestyle was broken. However, the new lifestyle is not affordable in 
these remote rural areas. Obviously, the conventional rural development model is not 
suitable for remote and poor rural areas of Southwest China. Southwest rural China 
should find another development model which is suitable for their natural and social 
condition instead of copying the conventional model. This model should follow the 
endogenous development model of rural areas, appreciate the advantages of 
traditional lifestyle and consider the needs of modern people’s development. 
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Therefore, there are two levels of poor rural development:   
- First of all, rural settlements should try to reduce their dependence on outside 
resources and improve the ability to control life and resist risks. They should try 
to meet the basic needs of life without external support and natural 
environmental damage. Which means to achieve self-reliance in basic living 
materials under existing bio-capacity, and at the same time, do not reduce the 
bio-capacity.  
- Secondly, to achieve the comprehensive development of human and make it 
sustainable, rural settlements should try to recover the natural environment, 
increase the bio-capacity of the environment; and to meet the psychological 
needs including love and belonging needs, esteem needs and self-actualization 
needs of people’s life and development.  
After the literature review and context analysis, the framework of RBESAS has been 
established. The objective RBESAS is to proved a framework of a comprehensive 
evaluation of the sustainable building environment, which takes all the critical 
aspects of sustainable architecture into account, and suitable for the natural and 
social conditions of the southwest rural China. The three dimensions of scope of 
RBESAS are as follows (Table 6.1):   
 
 
Table 6.1 Three dimensions of scope of RBESAS 
This system content environmental, social, and economic issues. All the issues and 




Scale Rural settlement/village 




















Figure 6.1 Framework of issues of RBESAS 
After establishing of the assessment framework, the evaluation and assessment 
output were discussed. The evaluation process of RBESAS should be simple, open 
and visualized in order to can encourage more stakeholders to understand, accept, 
and use sustainable building assessment systems voluntary. According to the existing 
situations of southwest rural China, the implementation and operation of rural 




and at the same time, integrate a variety of social resources. 
6.1.3 Case study 
To verify whether the RBESAS is appropriate to poor rural areas of Southwest China, 
three cases have been analyzed through different existing representative assessment 
systems and RBESAS in this study. These three cases have different characteristics. 
The applicability and sensitivity of the assessment systems is compared with each 
other.   
The analyze outcome shows that different building environmental assessment 
systems have their own context and focus which is quite different from southwest 
rural China. The capability of these existing representative systems with the case 
projects is relatively low. RBESAS shows great superiority in the assessment of case 
projects. Almost all of items of RBESAS are suitable for the case projects.  
On the other hands, the sensitivities of these assessment systems are different from 
each other. The sensitivity of these existing representative systems with the case 
projects is relatively low. Some of the advantages and disadvantages of the cases 
cannot be recognized by these systems. RBESAS can distinguish different 
advantages and disadvantages of the three cases clearly and recognize the 
significance of endogenous development model well. It shows high sensitivity in the 
three cases. 
Therefore, RBESAS is more suitable in poor rural areas of Southwest China. The 
applicability and sensitivity of RBESAS is much better than other existing 
representative assessment systems. At the same time, it is also more suitable for rural 
areas which follow the endogenous development more. 
6.2 Conclusion and discussion 
Establishing a comprehensive understanding of built environmental sustainability of 
poor rural areas is one of the significant strategies to solve the contradiction and 
problems between rural development and environmental conservation in southwest 
rural China. The results of this study show that, RBESAS provided an appropriate 
framework of built environmental sustainability assessment system to poor rural 
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areas of Southwest China. First of all, this assessment system was established based 
on the concepts and theories of sustainable development, sustainable architecture and 
rural development. Secondly, the aim, scope, and issues of this system were 
established according to the context of poor rural areas of Southwest China. These 
ideas ensured the scientificity and adaptability of the assessment system.   
Furthermore, the promotion of sustainable rural development is to solve the much 
larger, longer-term problem of villagers leaving and abandoning their villages to 
move to the city in search of better living conditions. This has been the most 
challenging problem for the central Chinese government: controlling population 
movement. It is believed that a way to solve the problem is to raise the standard of 
the villages to a higher level of amenity and comfort for villagers to wish to stay. 
From this point of view, urban sustainable development cannot be achieved without 
consideration of rural sustainable development in China. New Countryside 
Construction is not to build a village into a city, but find a strategy to build a 
sustainable village which is livable and affordable by rural residents.   
6.3 Research contributions and limitations 
6.3.1 Research contributions 
The main contributions of this thesis are as follows: 
- This study provided a relatively comprehensive understanding of built 
environment sustainability of poor rural areas of Southwest China. This 
understanding integrated the concept and theory of sustainable development, 
sustainable architecture and rural development to guide the rural construction of 
southwest rural China. It emphasizes the self-reliance capability and 
development capability of poor rural areas.  
- This study established a framework of built environmental sustainability 
assessment system of poor rural areas of Southwest China. This framework 
clarified the aim, scope, issues, sub-issues and indicators of the assessment 
system which is based on the scientific theory and existing context of southwest 
rural China. A more specific and detailed standard or rating tool can be 
developed based on this framework.  
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- The understanding and assessment framework of built environmental 
sustainability of poor rural areas of Southwest China also can be used as a 
guideline for the design and construction of rural building environment.   
6.3.2 Research limitations 
Apart from the contributions, there are some limitations in this study: 
- This study only established the framework of built environmental sustainability 
assessment system. The specific indicators and quantitative evaluation criteria 
have not been developed yet. And the weighting and rating method are also not 
yet been established. Therefore it is still can’t be used as a rating tool.  
- This study is mainly focusing on poor rural areas of Southwest China. The 
natural and social conditions of different areas of rural China are quite different 
from each other. This study cannot cover all of the rural areas of China.  
6.4 Needs for further research 
This study has proposed a framework of built environmental sustainability 
assessment system for poor rural areas of Southwest China that could be a pilot study 
for further development of rating system for southwest rural China or even other 
rural regions of China in the future. Further work will focus on:  
- The further quantification of each indicator and weighting protocols of this 
assessment system need to be developed in further study.  
- A simple and practical rating tool of this assessment system need to be 
developed in further study.  
- A series of design strategies and guidelines of sustainable rural construction 
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